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1BVQLVESGGGLVQPGGSLRLSCATSGYTFTEYTMHWMR QAPGKGLEWVAG 
1EVQLQQSGPELVQPGGSLRLSC!ATSGYTFTEYl'MHWMR QAPGKGLSWVAG 
1EVQLVESGGGLVKPGASLRLSCATSGYTFTBYTMBwMR QAPGKGLEWVAG 
1 EVQLVBSGGGLVQPGGSLKISCKTSGYTFTEYTMBWMR QAPGKGLEWVAG 
1BVQLVESGGGLVQPGGSLRLSCATSGYTFTBYTMHWMK QSHGKSLBWVAG 
1BVQLVBSGGGLVQPGGSLRLSCATSGYTFTEYTMHWMR QAi?GKGLEWIGG 

verA.hcfab 101GLNYGFDVRYFDVWGQGTLVTVS!3ASTKGPSVFPLiAFSSKSTSGGTAALG 
verI.hcfab ~~~GLINYGF'DVRYFDVWGQGTLVTVSSASTKGPSVFPLAPSS~CSTSGGTAAL,G 
verN.hcfab 1OlGLNYGFDVRYFDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALG 
verO.hcfab lOlGLNYGFDVRYFDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTA&,G 
verO.hcfab2 101GLNYGFDVRYFDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALG 
verP.hcfab 101GLNYGFDVRYFDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALG 
verQ.hcfab 101GLNYGFDVRYFDVWGQGTLVTVSSASTKGPSVFPLAFSSKSTSGGTAALG 
verR.hcfab 101GLNYGFDVRYFDVWGAGTTVTVSSASTKGPSVFPLAPSSKSTSGGTAALG 
verS.hcfab 101GLNYGFDVRYFDVWGQGTLVTVSSASTKGPSVl'PLAPSSKSTSGGTAAX 
verT.hcfab 101GLNYGFDVRYFDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALG 
verU.hcfab 101GLNYGFDVRYFDVWGQGTLVTVSSASTKGPSVPPLAPSVFPLAPSSKSTSGGTAALG 
verV.hcfab 101GLNYGFDVRYFDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALG 
verW.hcfab 101GLNYGFDVRYFDVWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALG 

' SEQ.ID.NO.26 
23 SBQ.ID.NO.27 

SEQ.ID.NO.33 
SEQ.ID.NO.34 

SBQ.ID.NO.28 
2 SEQ.ID.N0.29 

:y SEQ.ID.N0.35 
SEQ.ID.NO.36 

SBQ.ID.NO.30 
; SBQ.ID.NO.31 

SEQ.ID.NO.37 
SEQ.ID.N0.38 

SEQ.ID.NO.32 
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verA.hcfab 151CLVKDYPPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVl?VPSSSL 
verI.hcfab 151CLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSL 
verN.hcfab 151CLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSL 
verO.hcfab 151CLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSS~SSSL 
verO.hcfab2 151CLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSL 
verP.hcfab. 151CLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSS~SSSL 
verQ.hcfab 151CLVKDYFPEPVTVSWNSGALT%VHTFPAVLQSSGLYSLSSWTVPSSSL 
verR.hcfab 151CLVKDYPPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSL 
verS.hcfab 1S1CLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSL 
verT.hcfab 151CLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSL 
verU.hcfab 151CLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSL 
verV.hcfab 151CLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSWTVPSSSL 
verW.hcfab 151CLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSL 

verA.hcfab 
verI.hcfab 
verN.hcfab 
verO.hcfab 
verO.hcfab2 
verP.hcfab 
verQ.hcfab 
verR.hcfab 
verS.hcfab 
verT.hcfab 
verU.hcfab 
verV.hcfab 
verW.hcfab 

201 GTQTYICNVNHKPSNTKVDKKVEPKSCDKTHT--- 
201 GTQTYICNVNHKPSNTKVDKKPKSCDKTHT--- 
201 GTQTYICNVNHKPSNTKVDKKVEPKSCDKTHT--- 
201 GTQTYICNVNHKPSNTKVDKKVEPKSCDKTHT---- 
201 GTQTYICNV?MCPSNTKVDKKVEPKSCDKTHTCPP 
201 GTQTYICNVNHKPSNTKKKVEPKSCDKTHT--- 
201 GTQTYICNVNHKPSNTKVDKKVEPKSCDKTHT--- 
201 GTQTYIC!NVNHKPSNTKVDKKVEPKSCDKTHT--- 
201 GTQTYI CNvNHKPSNTKvDKKvEPKSCDKTHT--- 
201 GTQTYICNVNHKPSNTKVDKKVBPKSCDKTHT--- 
201 GTQTYICNVNHKPSNTKVDKKVEPKSCDKTHT--- 
201 GTQTYICNVNHKPSNTKVDKKVEPKSCDKTHT--- 
201 GTQTYICNVNHKPSNTKVDKKVEPKSCDKTHT--- 
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FIG 76 

verAlc' 
10 20 30 40 50 

verZlc2 
DIQMTQSPSSLSAsVGDRVTITCRASQDINN-Y~QQKPGKAPKLLIYY 
DIQMl'QSPSSLSASVGDRVTITCRASQDINNYLNWYQQKPGKmKLLIYY 

80 
verAlc TSTLBSGVi':RFSGSGSG~YTLTISSLQPEDFATYYC;;GNTLPl?T~~ 
verzlc TSTLHSGVPSRFSGSGSGTDYTLTISSLQPEDFAmYCQQGPPTFGQ 

110 120 130 140 150 
verAlc 
verZlc 

GTKVEIKRTVAAPSVFIFPPSDEQLKSGTASWCLLNNF 
GTKVBIKRTVAAPSVF~FPPSDBQLKSGTASWCLLNNFYPREAKVQWKV 

160 170 180 190 200 
verXLc 
verZlc 

DNALQSGNSQBSVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQG 
DNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQG 

210 
verAlc LSSPVTKSFNRGEC 
verZlc LSSF'VTXSFNRGEC 

1. 

2. 

(SEQ.ID.NO.39) 

(SBQ.ID.NO.40) 
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HUMANIZED ANT.lBODIES AND METHODS 
FOR MAKING THEM 

This application is a continuation of U.S. Ser. No. 
07/934,373 filed Aug. 21, 1992 (now U.S. Pat. No. 5,821, 
337 issued Oct. l3,139S), which is a continuation-in-part of 
PCT/US92!05126 filed Jun. 15, 1992, which is a 
continuation-in-part of U.S. Ser. No. 07/715,272 filed Jun. 
14,199l (now abandoned) 

FIELD OF THE INVENTION 
This invention relates to methods for the preparation and 

use of variant antibodies and finds application particularly in 
the fields of immunology and cancer diagnosis and therapy. 

BACKGROUND OF THE INVENTION 
Naturally occurring antibodies (immunoglobulins) com- 

prise two heavy chains linked together by disulhde bonds 
and two light chains, one light chain being linked to each of 
the heavy chains by disulfide bonds. Each heavy chain has 
at one end a variable domain (V,) followed by a number of 
constant domains. Each light chain has a variable domain 
(V,) at one end and a constant domain at its other end; the 
constant domain of the light chain is aligned with the first 
constant domain of the heavy chain, and the light chain 
variable domain LS aligned with the variable domain of the 
heavy chain. Particular amino acid residues are believed to 
form an interface between the light and heavy chain variable 
domains, see e.g. Chothia et al., .r. Mol. Viol. 186:651-663 
(IY85); Novotny and Haber, Proc. Narl. Acad. Sci. us;4 
X2:4592- 45Y6 (19S5). 

The constant domains are not involved directly in binding 
the antibody to an antigen, but are involved in various 
effector functions, such as participation of the antibody in 
antibody-dependent cellular cytotoxicity. The variable 
domains of each pair of light and heavy chains are involved 
directly in binding the antibody to the antigen. The domains 
of natural light and heavy chains have the same general 
structure, and each domain comprises four framework (FR) 

. regions, whose sequences are somewhat conserved, con- 
nected by three hyper-variable or mmplementarity dcter- 

D mining regions (CDRs) (see Kabat, E. A. et al., Sequences 
of Profeim of Zmnwmlogical Inrert?sr, National Institutes of 
Health, Bethesda, Md., (1987)). The four hamework regions 

alarpely adopt a g-sheet conformation and the CDRs form 
loops connecting, and in some cases forming part of, the 
p-sheet structure. The CDRs in each chain are held in close 
proximity by the framework regions and, with the CDRs 
from the other chain, contribute to the formation of the 
antigen binding site. 

Widespread use has been made of monoclonal antibodies, 
particularly those derived from rodents including mice, 
however they are frequently antigenic in human clinical use. 
For example, a major limitation in the clinical use of rodent 
monoclonal antibodies is an anti-globulin response during 
therapy (Miller, R. A. et al., Blood 62:988-995 (1983); 
Schroff, R. W et al., Cancer Rex 45:879-885 (1985)). 

The art has attempted to overcome this problem by 
constructing “chimeric” antibodies in which an animal 
antigen-binding variable domain is coupled to a human 
constant domain (Cabilly et al., US. Pat. No. 4,816,567; 
Morrison, S. L. et aI., Proc. Natl. Acad. Sci. -USA 
81:6551-6855 (1984): Boulianne. G. L. et al.. Nature 

I. 

312643-646 (1984); Neuberger, M. S. et al., Nuiur~ 
314:268-270 (1985)). The term “chimer? antibody is used 
herein to describe a polypeptide comprising at least the 
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2 
antigen binding portion of an antibody molecule linked to at 
least part of another protein (typically an immunoglobulin 
constant domain). 

The isotype of the human constant domain may be 
selected to tailor the chimeric antibody for participation in 
antibody-dependent cellular cytotoxicity (ADCC) and 
complement-dependent cytotoxicity (see e.g. Bfiggemann, 
M. et al.. J. EXV. Med. 166:1351-1361 (1957): Riechmann. 
L. et al.,‘Na&e 332323-327 (1988); Love et al., Methods 
in finzymology 178:51.5-527 (1989); Bindon et al., J. Exp 
Med. 168~127-142 (1988). 

In the typical embodiment, such chimeric antibodies 
contain about one third rodent (or other non-human species) 
sequence and thus are capable of eliciting a significant 
anti-globulin response in humans. For example, in the case 
of the mu&c anti-CD3 antibody, GM?, much of the 
resulting anti-globulin response is directed against the vari- 
able region rather than the constiant re@on (Jaffers, G. J. et 
al., TrampImtation 41572-578 (1.986)). 

In a further effort to resolve the antigen binding functions 
of antrbodies and to minimize the use of hetcrologous 
sequences in human antibodies, Winter and colleagues 
(Jones, P. ‘I’. et al., Nature 321:522-525 (1986); Riechmann, 
L. et al., Xarure 332:3X3-327 (1988); Verhoeyen, M. et al., 
Science 239:1534-1.536 (1988)) have substituted rodent 
LDRs or C’DR sequences for the corresponding segments of 
a human antibody. As used herein, the term “humanized” 
antibody is an embodiment of chimeric antrbodies wherein 
substantially less than an intact human variable domain has 
been substituted by the corresponding sequence from a 
non-human species. In practice, humanized antibodies are 
typically human antibodies in which some CDR residues 
and possibly some FR residues are substituted by residues 
from analogous sites in rodent antibodies. 

The therapeutic promise of this approach is supported by 
the clinical ellicacy of a humanized antibody specific for the 
CAMPATH- antigen with two non-Hodgkin lymphoma 
patients, one of whom had previously developed an anti- 
globulin response to the parental rat antibody (Riechmann, 
L. et al., Nature 332:323-32’7 (1988); Hale, G. et al., Lancer 
i.1394-1399 (1988)). Amurine a&body to the interlcukin 2 
receptor has also recently been humanized (Queen, C. et al., 
Proc. NatL Acad. Sci. USA 86:10029-10033 (1989)) as a 
potential immunosuppressive reagent. ‘4dditional references 
related to humanization of antibodies include Co et al., Proc. 
Natl. Acad. Sci. USA 88:2869-2873 (1991); Gomran et al., 
Proc. Nnrl. Acad Sci. US4 88:4181-418.5 (1991); Daugh- 
erty et al., 1I’,cZcicAcidsResearch~ 19(9):2471-2476 (1991); 
Brown et al., Proc. Null. Acad. Sci. USA 88:266>2667 
(1991); Junghans et al., Cancer Research 50:1495-1502 
(1990). 

In some cases, substituting CDRs from rodent antibodies 
for the human CDRs in human frameworks is sufficient to 
transfer high antigen binding aiTmity (Jones, P. T. et al., 
Nature 321:522-525 (1986); Vcrhoeycn, M. et al., Science 
239:1534-1536 (1988)), whereas in other cases it h‘as been 
necessary to additionally replace one (Riechmaun, L. et al., 
Nature 332:323-327 (1988)) or several (Queen, C. et al., 
PJVC. XmZ. Acad. Sci. USA 86: 10029-10033 (1989)) frame- 
work region (FR) residues. See also Co et al., supra. 

For a given antibody a small number of FR residues are 
anticipated to be important for antigen binding. Firstly for 
example, certain antibodies have been shown to contain a 
few FR residues which directly contact antigen in crystal 
structures of antibody-antigen complexes (e.g., reviewed in 
Davies, D. R. et al.,Ann Rev. Biochem. 59439173 (1990)). 
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Secondly, a number of FR residues have been proposed by 
Chothia, Lesk and colleagues (Chothia, C. & Lesk, A. M.,J. 
,%fol. S&Z. 196:901-917-(198?); Chothia, C. et ai., Nat& 
342:877+X%3 (1989); Tramontano, A. et al., J. Afol. Dzol. 
215:17S-1 82 (1990)) as critically affecting the conforma- 
tion of part&lar t?DRs and &us their contribution to 
antieen hindinlr. See also Mareolies et al.. PKJC. NntZ. Acud. 
Sci-USA 72&O-2184 (197$ 

It is also known that, in a few instance.% an antibody 
variable domain (either V, or V,-) may contain glycosyla- 
tion sites, and that this glycosylation may improve or abolish 
antigen binding, Pluckthun, Biotec/mology 9:545-51 
(1991); Spiegelberg et al., Biochemistry 9:4217-4223 
(1970); Wallic et al., J. E.x~. Med. 168:1099-1109 (1988); 
Sox et al., Proc. Matl. Acad. Sci. USA 66~975-982 (1970); 
Margni et al., Ann Rev. Immunol. 6535-554 (1988). 
Ordinarily, however, glycosylation has no influence on the 
autigen-binding properties of an antibody, Pluckthuuo, supta, 
(1 991). 

10 

1s 

The three.-dimensional structure of immunoglobulin 
chains has been studied, and crystal structures for intact 
immunoglobulins, for a variety of immunoglobulin 
fragments, and for antibody-antigen complexes have been 
published (see e.g., Saul et al., Jorcrnal ofBiological Chem- 
tifry 25:585--97 (1978); ShariiTet al., Proc. Natl. Acud. Sci. 
LISA 84~3075-79 (1987); Segal et al., Proc. Natl. Acad. Sci. 
WA 71:4298-4302 (1974); Epp et ai.,8iochemisrfy 1 4(22) 
:4943-4952 (1975); Marquart et al., J. Mol. Biol 
141:369-391 (1980); Furey et al.,J. MolBioZ. 167:661-692 
(1983); Snow and Amzel, Protein: Structure, Function, and 
Genetics 1267-279, Alan R. Liss, Inc. pubs. (1986); 
Chothia and Lcsk, J. AfuZ Biol. 196:901-917 (1987); 
Chorhia et al., Nature 342:877-883 (1989); Chothia et al., 
Science 233:755-58 (1986); Huber et al., Nature 
264:415-42(1 (1976); Bruccoleri et al., Nature 335564-568 
(1988) and Nature 336:266 (1988); Sherman et al., Journal 
of Biological Chemist? 263:4064-4074 (lY88); Amzel and 
Poljak, Arm Rev Biochetm. 48.961-67 (1979); Silverton et 
al., Proc. Natl. Acad. Sci WA 745140-5144 (1977); and 
Gregory et al., Molecular Immwwlogy 24:821-X29 (1987) 
It is known that the diction of art antibody is dependent on 
its three dimensional structure, ad that amino acid substi- 
tutions can change the three-dimensional structure of an 
antibody, Snow and Amzel, supra. It has previously been 
shown that the antigen binding afiinity of a humanized 
antibody can be increased by m\tagenesis hased upon 
molecular modelling (Riechmann, L. et al., Nature 
332323-327 (1988); Queen, C. et al., Proc. Natl. Acad. Sci. 
USA 86:10029-10033 (1989)). 
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Humanizing an antibody with retention of high a&nity for 
antigen and other desired biological activities is at present 
difficult to achieve using currently available procedures. 
Methods are needed for rationalizmg the selection of sites 
for substitution in preparing such antibodies and thereby 
increasing the e%iency of antibody humanization. 

50 

55 
The proto-oncogene HER2 (human epidermal growth 

factor receptor 2) encodes a protem tyrosine kinase 
(~185~~~) that is related to and somewhat homologous to 
the human epidermal growth factor receptor (see Coussens, 
L. et al., Scierzce 230:1132-1139 (1985); Yamamoto, T. et 60 
al., Nature 319:230-234 (1986); King, C. R. et al., Science 
229974-976 (1985)). HER2 is also known in the field as 
c-erbB-2, and sometimes by the name of the rat homolog, 
neu. Amplification and/or overexpression of HER2 is asso- 
ciated with multiple human malignancies and appears lo be 6s 
integrally Involved in pro-gression of 25-30s of human 
breast and ovarian cancers (Slamon, D. J. et al., Science 

5 

4 
235:177-182 (1387), Slamon, D. J. et al., Science 
244:707-712 (1989)). Furthermore, the extent of amplitica- 
tion is inversely correlated with the observed median patient 
survival time (Slamon, supra, Science 1989). 

The murine monoclonal antibody known as muMAb4DS 
(Fendly, B. M. et al., Cancer Res. 50: 1550-1558 (1990)), 
directed against the extracellular domain (ECD) of 
01%~~~~. sDccificallv inhibits the eTowth of tumor cell lines 

1 ,  1 -tERz overexpressing ~183 m monolayer culture or in soft 
agar (Hudziak, R. M. et al., Molec. Cell. Biol. 9:1165-1172 
(1989); Lupu, K. et al., Science 249:1552-1555 (1990)). 
MuMAb4D5 also has the potential of enhancing tumor cell 
sensitivity to tumor necrosis factor, an important effector 
molecule in macrophage-mediated tumor cell cytotoxicity 
(Hudziak, supra, 1989; Shepard, I-I. M. and Lewis, G. I). J. 
CZinicnlZn~rnzuroluyy 8:333-395 (1988)). Thus muMAb4DS 
has potential for clinical intervention in and imaging of 
carcinomas in which ~185~’ is overexpressed. The 
muMAb4DS and its uses are described in PCT application 
WO 89106692 published Jul. 27,1989. Thismurine antibody 
was deposited with the ATCC and designated ATCC CRL 
10463. However, this antibody may be immunogenic in 
humans. 

It is therefore an object of this invention to provide 
methods for the preparation of antibodies which are less 
antigenic in humans than non-human antibodies but have 
desired antigen binding and other characteristics and activi- 
ties. 

It is a further object of this invention to provide methods 
for the efficient humanization of antibodies, i.e. selecting 
non-human amino acid residues for importation into a 
human antibody background sequence in such a fashion as 
to retain or improve the af&ity of the non-human donor 
antibody for a given antigen. 

It is another object of thir invention to provide humanized 
antibodies capable of binding ~185’~~~’ 

Other objects, features, and characteristics of the present 
invention will become apparent upon consideration of the 
following description and the appended claims. 

SUMMARY OF THE INVENTION 
The objects of this invention are accomplished by a 

method for making a humanized antibody comprising amino 
acid sequence of an import, non-human antibody and a 
human antibody, comprising ihe steps of: 

a. obtaining the amino acid .sec]uences of at least a portion 
of an import antibody variable domain and of a con- 
.sensus variable do&in; 

b. identifying Complementarity Determining Region 
(CUR) amino acid sequences in the import and the 
human variable domain sequences; 

c. substituting an import CDR amino acid sequence for 
the corresponding human CDR amino acid sequence; 

d. aligning the amino acid sequences of a Framework 
Region (FR) of the import antibody and the corre- 
sponding FR of the consensus antibody; 

e. identifying import antibody FR residues in the aligned 
FR sequences that are non-homologous to the corre- 
sponding consensus antibody residues; 

f. determining if the non-homologous import amino acid 
msidue is reasonably expected to have at least one of 
the following effects: 
1. non-covalenily binds antigen directly, 
2. interacts with a CUR; or 
3. participates in the V,-V, interface; and 
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g. for any non-homologous import antibody amino acid 
residue which is reasonably expected to have at least 
one of these etiects, substnuting that residue for the 
corresponding amino acid residue in the consensus 
antibody FR sequence. 

Optionally, the method of this invention comprises the 
additional steps of determining if any non-homologous 
residues identified in step (e) am exposed on the surface of 
the domaiu or buried within it, and if the residue is exposed 
but has none of the effects identified in step (t), retaining the 
consensus residue. 

Additionally, in certain embodiments the method of this 
invention comprises the feature wherein the corresponding 
consensus antibody residues identitled in step (e) ahove ari 
selected from the trout) consisting of 4L. 3SL, 36L, 3SL, 
43L, 44L, 46L, S&, 62L, 63L, 6zL, 65L; 66L; 67L; 68L; 
69L., 7OL, 71L, 73L, SST-, 87L, 98L, 2H, 4H, 24H, 36H, 
37H, 3YH,43H, 45H, 4YH, 58H. 60H, 67H, 68H, 69H, 70H, 
73H, 74H, 75H, 76H, 78H, 91H, 92H, 93H, and 103H 
(utilizing the numbering system set forth in Rabat, E. A. et 
al., Sequences of Proteins of Immunological Inrerest 
(National Institutes of Health, Bethesda, Md., 1987)). 

In certain embodiments, the method of this invention 
comprises the additional steps of searching either or both of 
the import, non-human and the consensus variable domain 
sequences for glycosyylation sites, determining if the glyco- 
sylation E reasonably expected to be important for the 
desired antigen binding and biological activity of the anti- 
body (i.e., determining if the glycosylation site binds to 
antigen or changes a side chain of an amino acid residue that 
binds to antigen, or if the glycosylation enhances or weakens 
antigen binding, or is important for maintaining antibody 
afhnity). If the rmport sequence bears the glycosylatron site, 
it is preferred to substitute that site for the corresponding 
residues in the consensus human if the glycosylation site is 
reasonably expected to be important. If only the consensus 
sequence, and not the import, bears the glycosylation site, it 
is preferred to eliminate that glycosylation site or substitute 
therefor the corresponding amino acid residues from the 
import sequence. 

Another embodiment of this invention comprises aligning 
import antibody and the consensus antibody FR sequences, 
identifying import antibody FR residues which are non- 
homologous with the aligned consensus FR sequence, and 
for each such non-homologous import antibody FR residue, 
determining if the corresponding consensus antibody resi- 
due represents a residue which is highly conserved across all 
species at that site, and if it is so conserved, preparing a 
humanized antibody which comprises the consensus anti- 
body amino acid residue at that site. 

Certain alternate embodiments of the methods of this 
invention comprise obtaining the amino acid sequence of at 
least a portion of an import, non-human antibody variable 
domain having a CDR and a FR, obtaining lhe amino acid 
sequence of at least a portion of a consensus antibody 
variable domain having a CDR and a FR, substituting the 
non-human CDR for the human CDR in the consensus 
antibody variable domain, and then substituting an amino 
acid residue for the. consensus amino acid residue at at least 
one of the following sites: 

a. (in the FR of the variable domain of the light chain) 41,, 
35L, 36L, 38L. 43L, 44L, 5SL, 46L, 62L, 63L, 64L, 
651, 66L, 6X, GSL, G9L., 7OJ+ 71L, 73L, 851,. 87L, 
98L, or 

b. (in the FR of the variable domain of the heavy chain) 
2H, 4H, 24H, 36B, 37H, 39H, 43H, 45H, 49~I, S8Fi 
6OH, 67H, 68H, 6YH, 7OH. 73H, 74H, 75H, 76H, 78H, 
91H, 92H, 93H, and 103H. 
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In preferred embodiments, the non-CDR residue substituted 
at the consensus FR site is the residue found at the corre- 
sponding location of the non-human antibody. 

Optionally, this just-recited embodiment comprises the 
additional steps of following the method steps appearing at 
the beginning of this summary and determining whether a 
particular ammo acid residue can reasonably be expected to 
have undesirable effects. 

This invention also relates to a humanized antibody 
comprising the CDR sequence of an import, non-human 
antibody and the FR sequence of a human antibody, wherein 
an amino acid residue within the human FR sequence 
located at any one of the sites 4I., 3X, 36L, 381.., 4X,, 441,, 
46L, 5X1., 62L, 63L, 641,. 6SL, 66L, 67L, 68L, 691, 7OL, 71 
L, 73L, S5L, 87L, 98L, 2H, 4H, 24H, 36H, 37H, 39H, 43H, 
4SH, 49H, 58H, 6OH, 67H, 68H, 69H, 7OH, 73H, 74H,75H, 
76H, 7XH, 91H, 92H, 93H, and 303H has been substituted 
by another residue. In preferred embodiments, the residue 
substituted at the human FR site is the residue found at the 
corresponding location of the non-human antibody from 
which the non-human CDR was obtained. In other 
embodiments, no human FR residue other than those set 
forth in this group has been substituted. 

This invention also encompasses specific humanized anti- 
body variable domains, and isolated polypeptides having 
homology with the following sequences. 

1. SEQ. ID NO. I, which is the light chain variable 
domain of a humanized version of muMAb4DS: 

DIQMTQSPSSLSASVGDRVTITCRASQDVNTAVAWYQQXPGKAPKLLIYSA 

SFLESGVPSRFSGSRSGTDFTLTISSLQPEDFATYYCQQHYTTPPTFGQGT 

KVEZKRT 

2. SEQ. ID NO. 2, which is the heavy chain variable 
domain of a humanized version of muM.4b4D5): 

EVQLVESGGGLVQPGGSLRLSCAASGFNIXDTYIHWVRQAPGXGLEWVARI 

YPTNGYTR'dAOSVKGRFTISAETSKNTAYLQNNSLRAEDTAVYYCSRWGG 

DGFYAMDVWGEGTLVTVSS 

In another aspect, this inventiou provides a consensus 
antibody variable domain amino acid sequence for use in the 
preparation of humanized antibodies, methods for obtaining, 
using, and storing a computer representation of such a 
conseusus sequence, and compulers comprising the 
sequence data of such a sequence. In one embodiment, the 
following consensus antibody variable domain amino acid 
sequences are provided: 

SEQ. ID NO. 3 (light chain): 

DIQMTQSPSSLSASVGDRVTITCPASQDVSSYLAWYQQKEGKAPKLLIYAA 

SSLESGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQYNSLPYTFGQGT 

KVEIKRT, 

and 
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SEQ. ID NO. 4 (heavy chain), 

EVQLVESGGGLVQPGGSLRLSCJJ,SGFTFSDYAWWVRQAPGKGLEWVAV 

ISENGSDTYYADSVKGRFTISRDDSKNTLYLQMNSLf iREDRDR 

GGAVSYFDVWGQGTLVTVSS 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A shows the comparison of the V, domain amino 
acid residues of muMAb4D5, huMAb4D5, and a corusensus 
seqnence (FIG lA, SEQ. ID NO. 5, SEQ. ID NO. 1 and 
SEQ. ID NO. 3, respectively). PIG. 1B shows the compari- 
son between the V, domain amino acid residues of the 
muMAb4D5, huMAb4D5, and a consensus sequence (FJG. 
lB, SEQ. lD NO. 6, SEQ. ID NO. 2 and SEQ. ID NO. 4, 
respectively). Both FIGS. IA and 1B use the generally 
accepted numbering scheme from &bat, E. A., et al., 
Sequences of Proteins of Immunological Interest (National 
Institutes of Health, Bethesda, Md. (1987)). In both FIG. IA 
and FIG. IB: the CDR residues determined according to a 
standard sequence definition (as in Kabat, E. A. et al., 
Sequences uf Proteins of Immunological Inlerest (National 
Institutes of Health, Bethesda, Md., 1987)) arc indicated by 
the first underlining beneath the sequences, and the CDR 
residues determined according to a structural definition (as 
in Chothia, (3. 6t Lesk, A. M., J. Mol. Biol. L96:901-917 
(1987)) are indicated by the second, lower underling. The 
mismatches between genes are shown by the vertical lines. 

FIG. 2 shows a scheme for hum‘anization of muMAb4D5 
V, and V,, by gene conversion mutagenesis. 

FIG. 3 shows the inhibition of SK-BR-3 proliferation by 
MAb4D5 variants. Relative cell proliferation was deter- 
mined as described (Hudziak, R. M. et al., .woZec. CeN. Viol. 
9:1165-1172 (1989)) and data (average of triplicate 
determinations) are presented as a percentage of results with 
untreated cultures for muMAb4D5 (I), huMAblD5-8 (n) 
and huMAb4DS-1 (I). 

FIG. 4 shows a stereo view of a-carbon tracing for a 
model of huMAb4D.58 V, and V,,. The CDR residues 
(Kabaf E. A. et al., Sequences ofProteins of Immunological 
If&rest (National Institutes of Health, Bethesda, Md., 
1987)) are shown in bold and side chains of V, residues 
A71, TX, A78, S93, Y102 and V, residues YSS plus R66 
(see Table 3) are shown. 

FIG. 5 shows an amino acid sequence comparison of V, 
(top panel) and V, (lower panel) domains of the murine 
anti-CD3 monoclod Ab UCHTl (muxCD3, Shalaby et al., 
J. Exp. Med. 175,217-225 (1992) with a humanized variant 
of this antibody (huxCD3vl). Also shown are consensus 
sequences (most commonly occurring residue or pair of 
residues) ol’ the most abundant human subgroups, namely 
V, K1 and V, III upon w-hich the humanized sequences are 
based (Kabat, E. A. cl al., Sequences ofProtei,rr o/Zmu- 
noZo+zl Inter&, Sh edition, National Institutes of Health, 
Bethesda, Md., U.S.A. (1991)). The light chain sequences- 
muxCD3, buxCD3vl and huIII--correspond to SEQ. ID. 
NOs 16, 17, and 18, respectively. The heavy chain 
sequences-muxCD3, huxCD3vl and huKI--correspond to 
SEQ. ID. NOs 19,45, and 21, respectively. Residues which 
differ between muxCD3 and huxCD3vl are identified by an 
asterisk (*), whereas those which di@er between humanized 
and consensus seyuences are identified by a sharp sign (#). 
A bullet (3) denotes that a residue at this position has been 
found to contact antigen in one or more crystallographic 
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8 
structures of antibodyjantigen complexes (Kabat et al., 
1991; Mian, I. S. et al , .I. Mol. Rid. 217,133-l Sl(1991)). 
The location of CDR residues according to a sequence 
definition (Kabat et al., 1991) and a structural definition 
(Chothia and I&k, supra 1987) are shown by a line and 
carats (A) beneath the sequences, respectively. 

FIGS. 6A-1 and 6A-2 compare murine and humanized 
amino acid sequences for the heavy chain of an anti-CD1 8 
antibody. H52H4-160 (SEQ. ID. N0.22) is the murine 
sequence, and pH.52-8.0 (SEQ. ID. NO. 23) is the human- 
ized heavy chain sequence. pH52-8.0 residue 1435 is the 
final amino acid in the variable heavy chain domain V,, 
(SEQ ID NO:46) and residue 144Ai.s the first amino acid in 
the constant heavy chain domain C,,, 

FIG. 6B compares murine and humanized amino acid 
sequences for the light chain of an anti-CD18 antibody. 
H52L6-158 (SEQ. ID. NO. 24) is the murine sequence, and 
pH52-9.0 (SEQ. ID. NO. 25) is the humanized light chain 
sequence. pH52-9.0 residue 1281 is the final amino acid in 
the light chain variable domain V, (SEQ ID NO:47), and 
residue 129V is the first amino acid in the light chain 
constant domain C,. 

FIGS. 7A-1 and 7A-2 show an amino acid sequence 
alignment of the sequences of the heavy chains of thirteen 
humanized anti-CD18 (H52) variants (SEQ. ID. NOs 
26-38). 

FIG. 7B shows an amino acid sequence alignment of two 
humanized anti-CD18 (H52) light chain variants (SEQ. ID. 
NOs 39-40). 

DETNLED DESCRIPTION OF ‘THE 
INVENTION 

Definitions 

In general, the following words or phrases have the 
indicated definitions when used in the description, examples, 
and claims: 

The murine monoclonal antibody known as muMAb4DS 
(Fendly, B. M. et al., Cancer Hes. 50:155CI-1558 (1990)) is 
directed against the extracellular domain (ECD) of 
pl85fnR’. The muMAb4DS and its uses a’re described in 
PCTapplication WO 89/06692 published Jul. 27,1989. This 
murine antibody was deposited with the ATCC and desig- 
nated ATCC CRL 10463. In this description and claims, the 
terms muMAb4D5, chMAb4DS and huMAbilD5 represent 
murine, chimerized and humanized versions of the mono- 
clonal antibody 4D5, respectively. 

A humanized autibody for the purposes herein is an 
immunoglobulin amino acid sequence variant or fragment 
thereof which is capable of binding to a predetermined 
antigen and which comprises a FR region having substan- 
tially the amino acid sequence of a human immunoglobulin 
and a CDR having substantially the amino acid sequence of 
a non-human immunoglobnlin. 

Generally, a humanized antibody has one or more amino 
acid residues introduced into it from a source which 1s 
non-human. These non-human amino acid residues are 
referred to herein as “import” residues, which are typically 
taken from an “import” antibody domain, particularly a 
variable domain. An import residue, sequence, or antibody 
has a desired aflinity andjor specilicity, or other desirable 
antibody biological activity as discussed herein. 

In general, the humanized antibody will comprise sub- 
stantially all of at least one, and typically two, variable 
domains (Fab, Fab’, F(ab’)z, Fabc, Fv) in which all or 
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substantially all of the CDR regions correspond to those of 
a non-human immunoglobulin and all or substantially all of 
the FR regions are those of a human immunoglobulin 
consensus sequence. The humanized antrbody optimally 
also will comprise at least a portion of an immunoglobulin 5 
constant region [Fc). typically that of a human immunoglo- 
bulin. Ordinarily, the antiiody will contain both the light 
chain as well as at least the variable domain of a heavy 
chain. The antibody also may include the CHl, hinge, CI-12, 
CH3, and CH4 regions of the heavy chain. 

The humani-lecl antibody will be selected from any class 
10 

of immunoglobulins, including IgM, IgG, IgD, IgAand IgE, 
and any isotope, including IgGl, IgG2, IgG3 and IgG4. 
Usually the constant domain is a complement fixing constant 
domain where it is desired that the humanized antihody ,s 
exhibit cytotoxic activity, and the class is typically IgG,. 
Where such cytotoxic activity is not desirable, the constant 
domain may be of the IgGz class. The humanized antibody 
may comprise sequences from more than one class or 
isotype, and selecting particular constant domains to opti- 2. 
mize desired effector functions is within the ordinary skill in 
the art. 

The FR and CDR regions of the humanized antibody need 
not correspond precisely to the parental sequences, e.g., the 
import CDR or the consensus FR mav be mutaeenized bv Ir c.  

substitution, insertion or deletion of at least one residue so 
that the CDR or FR residue at that site does not correspond 
to either the consensus or the import antibody. Such 
mutations, however, wilI not be extensive. Usually, at least 
75% of the humanized antibody residues will correspond to 
fhose of the parental FR and CDR sequences, more often 
900/G, and most preferably greater than 95%. 

Jn general, humanized antibodies prepared by the method 
of this invention are produced by a process of analysis of the 
parental sequences and various conceptual humanized prod- 
ucts using three dimensional models of the parental and 
humanized sequences. ‘Three dimensional immunoglobulin 
models are commonly available and are familiar to those 
skilled in the art. Computer programs are available which 
illustrate and display probable three dimensional conforma- 
tional structures of selected candidate immunoglobulin 
sequences. Inspection of these displays permits analysis of 
the likely role of the residues in the functioning of the 
candidate immunoglobulin sequence, i.e., the analysis of 
residues that influence the ability of the candidate immuno- 
globulin to bind its antigen. 

Residues that influence antigen binding are defined to be 
residues that are substantially responsible for the antigen 
aflinity or antigen specilicity of a candidate 
immunoglobulin, in a positive or a negative sense. The 
invention is directed to the selection and combination of JR 
residues from the consensus and import sequence so that the 
desired immunoglobulin characteristic is achieved. Such 
desired characteristics include increases in affinity and 
greater specificity for the target antigen, although it is 
conceivable that in some circumstances the opposite effects 
might be desired. In general, the CDR residues are directly 
and most substantially involved in inIIuencing antigen bind- 
ing (although not all CUR residues are so involved and 
therefore need not be substituted into the consensus 
sequence). However, FR residues also have a significant 
effect and can exert their influence in at least three ways: 
‘They may noncovalently directly bind to antigen, they may 
interact with CDR residues and they may affect the interface 
between the heavy and light chains. 

A residue that noncovalemly directly binds to antigen is 
one that, by three dimensional analysis, is reasonably 
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10 
cxuected to noncovalentlv directly bind to antigen. 
Tybically, it is necessary to ‘&mute lhe position of antigen 
from the saatial location of neighboring CDRs and the 
dimensions’and structure of the target antigen. In general, 
only those humanized antibody residues that are capable of 
formine salt bridges. hvdroeen bonds, or hydrophobic inter- ., . ., 
actions are likely to be involved in non-covalent antigen 
binding, however residues which have atoms which are 
separated from antigen spatially by 3.2 Angstroms or less 
may also noncovalently interact with antigen. Such residues 
typically are the relatively larger amino acids having the side 
chains with the greatest bulk, such as tyrosine, arginine, and 
lysine. Antigen-binding J?R residues also typically will have 
side chains that are oriented into an envelope surrounding 
the solvent oriented face of a CDR which extends about 7 
Angstroms into the solvent from the CDR domain and about 
7 Angstroms on either side of the CDR domain, again ‘as 
visualized by three dimensional modeling. 

Aresidue that interacts with a CDR generally is a residue 
that either aJfects the conformation of the CDR polypeptide 
backbone or forms a noncovalent bond with a CDR residue 
side chain. Conformation-affecting residues ordinarily are 
those that change the spatial position of any CDR backbone 
atom (N, Ccx, C, 0, Cp) by more than about 0.2 Angstroms. 
Backbone atoms of CDR sequences are dlsplaccd for 
example by residues that interrupt or modify organized 
structures such as beta sheets, helices or loops. Residues that 
can exert a profound affect on the conformation of neigh- 
boring sequences include proline and glycine, both of which 
are capable of introducing bends into the backbone. Other 
residues that can displace backbone atoms are those that are 
capable of participating in salt bridges and hydrogen bonds. 

Aresidue that interacts with a CDR side chain is one that 
is reasonably expected to form a noncovalent bond with a 
CDR side chain, generally either a salt bridge or hydrogen 
bond. Such residues are identified by three dimensional 
positioning of their side chains. Asalt or ion bridge could be 
expected to form between two side chains positioned within 
about 2.5-3.2 Angstroms of one another that bear opposite 
charges, for example a lysinyl and a glutamyl pairing. A 
hydrogen bond could be expected to form between the side 
chains of residue pairs such as seryl or threonyl with aspartyl 
or glutamyl (or other hydrogen accepting residues). Such 
pairings are well known in the protein chemistry arl and will 
bc apparent to the artisan upon three dimensional modeling 
of the candidate immunoglobulin. 

Immunoglobulin residues that affect the interface befween 
heavy and light chain variable regions (“the V,- V, 
interface”) nre those that affect the proximity or orientation 
of the two chains with respect to one another. Certain 
residues involved in interchain interactions are already 
known and includev, residues 34,36,38,44,46.57,89,91, 
96, and 98 and V, residues 35, 37, 39, 45, 47, 91, 93, 95, 
100, and 103 (utilizing the nomenclature set forth in Kabat 
et al., Sequences of Proteins of Immunological Infer& 
(National Jnstitutes of Health, Bethesda, Md., 1987)). Addi- 
tional residues are newly identified by the inventors herein, 
and include 43L, 85L, 43H and 60H. While these residues 
are indicated for IgG only, they are applicable across spe- 
cies. In the practice of this invention, import antibody 
residues that are reasonably expected to be involved in 
interchain interactions are selected for substitution into the 
consensus sequence. It is believed that heretofore no human- 
ized antibody has been prepared with an intrachain-affecting 
residue selected from an import antibody sequence. 

Since it is not entirely possible to predict in advance what 
the exact impact of a given substitution will be it may be 
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ueccssary to make the substitution and assay the candidate 
antibody for the desired characteristic. These steps, 
however, are per se routine and well within the ordinary skill 
of the art. 

CDK and FR residues are determined according to a 
standard sequence defiuition (Kabat et al., Sequences of 
Proteins of Immunological Interest, National Institutes of 
Health, Bethesda Md. (1987), and a structural definition (as 
in Chothia and Lesk, J. MoZ Biol. 196:901-917 (1987). 
Where these two methods result in slightly different idcnti- 
tications of a CDR, the structural definition is preferred, but 
the residues idcntificd by the sequence definition method are 
considered important FR residues for determination of 
which framework residues to import iuto a consensus 
sequence. 

Throughout this description, reference is made to the 
numbering schcmc horn Kabat, E. A., et al., Sequences of 
Proteins of Immunologicd Interest (National Institutes of 
Health, Bethesda, Md. (1987) and (1991). In these 
compendiums, Kabat lists many amino acid sequences for 
antibodies for each subclass, and lists the most commonly 
occurring amino acid for each residue position in that 
subclass. Kabat uses a method for assigning a residue 
number to each amino acid in a listed sequence, and this 
method for assigning residue numbers has become standard 
in the field. The Kabat numbering scheme is followed in this 
description. For purposes of this invention, to assign residue 
numbers to a candidate antibody amino acid sequence which 
is not included in the Kabat ewmpendium, one follows the 
following steps. Generally, the candidate sequence i3 aligned 
with any immnnoglobulin sequence or any consensus 
sequence in Kabat. Alignment may be done by hand, oc by 
computer using commonly accepted computer programs; an 
example of such a program is the Align 2 program discussed 
in this description. Alignment may be facilitated by using 
.some amino acid residues which are common to most Fab 
sequences. For example, the light and heavy chains each 
typically have two cysteines which have the same residue 
numbers; in V, domain the two cysteines are typically at 
residue numbers 23 and 88, and in the V,, domain the two 
cysteine residues are typically numbered 22 and 92. Frame- 
work residues generally, but not always, have approximately 
the same number of residues, however the CDKs will vary 
in size. For example, in the case of a CDR from a candidate 
sequence which is longer than the CDR in the sequence in 
Kabat to which it is aligned, typically suffixes are added to 
the residue number to indicate the insertion of additional 
residues (see, e.g. residues 1OOabcde in FIG. 5). For candi- 
date sequences which, for example, align with a Kabat 
sequence for residues 34 and 36 but have no residue between 
them to align with residue 35, the number 35 is simply not 
assigned to a residue. 

Thus, in humanization of an import variable sequence, 
where one cuts out an entire human or consensus CDR and 
replaces it with an import CDR sequence, (a) the exact 
number of residues may be swapped, leaving the numbering 
the same, (b) fewer import amino acid residues may be 
introduced than are cut, in which case there will be a gap in 
the residue numbers, or (c) a larger number of amino acid 
residues may be introduced then were cut, in which case the 
numbering will involve the use of suffixes such as 100abcde. 

The terms “consensus sequence” and “consensus anti- 
body” as used herein refers to au amino acid sequence which 
comprises the most frequently occurring amino acid residues 
at each location in all immunoglohulins of any particular 
subclass or subunit structure. The consensus sequence may 
be based on immunoglobulins of a particular species or of 
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many species. A “consensus” sequence, structure, or anti- 
body is understood to encompass a consens~~s human 
sequence as described in certain embodiments of this 
invention, and to refer to an amino acid sequence which 
comprises the most frequently occurring amino acid residues 
at each location in all human immunoglobulins of any 
particular subclass or subunit structure This iuvcntion pro- 
vides consensus human structures and consensus structures 
which consider other species in addition to human. 

The subunit structures of the five immunoglobulin classes 
in humans are as follows: 

In preferred embodimenLs of an Ig@l human consensus 
sequetme, the cousznsus variable domain sequences are 
derived from the most abundant subclasses in the sequence 
compilation of Kabat et al., Sequences of Proteins of Tmmu- 
nological Interest, National Institutes of Health, Bethesda 
Md. (1987), namely V, K subgroup I and V,, group III. In 
such preferred embodiments, the V, consensus domain has 
the amino acid sequence: 

DIQMTQSPSSLSASVGDRVI’I’ICRASQD- 
VSSYL4WYQQKPGKAPKLLIYAASSLESG VPSRFSGSGS 
CZDFI’LTISSLQPEDIXI’YYC- 
QQYNSLJ’YTFGQGTKVEIKKI- (SEQ. ID NO. 3); 

the V, consensus domain has the amino acid sequence: 

These sequences include conscnms CDRs as well as con- 
sensus FR residues (see for example in FIG 1). 

While not wishing to be limited to any particular theories, 
it may be that these preferred embodiments are less likely to 
be immunogenic in an individual than less abundant sub- 
classes. However, in other embodiments, the consensus 
sequence is derived from other subclasses of human immu- 
noglobulin variable domains. In yet other embodiments, the 
consensus sequence is derived from human constant 
domains. 

Identity or homology with respect to a specified amino 
acid sequence of this invention is dehned herein as the 
percentage of amino acid residues in a candidate sequence 
that arc identical with the specified residues, after aligning 
the sequences and introducing gaps, if necessary, to achieve 
the maximum percent homology, and not considering any 
conservative substitutions as part of the sequence identity. 
None of N-terminal, C-terminal or internal extensions, 
deletions, or insertions into the specified sequence shall be 
construed as affecting homology. All sequence ahgnmcnts 
called for in this invention are such maximal homology 
alignments. While such alignments may be done by hand 
using conventional methods, a suitable computer program is 
the “Align 2” program for which protection is being sought 
from the U.S. Register of Copyrights (Align 2, by 
Genentech, Inc., application filed Dec. 9, 1991). 
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“Non-homologous” import antibody residues arc those 
residues which are not identical 10 the amino acid residue at 
the analogous or corresponding location in a consensus 
sequence, aRer the import and ansensus sequences are 
aligned. 

The term “computer representation” refers to information 
which is in a form that can be manipulated by a computer. 
The act of storing a computer representation refers to the act 
of placing the information in a form suitable for manipula- 
tion by a computer. 

This invention is also directed to novel polypeptidas, and 
in certain aspects, isolated novel humanized anti-p185mR2 
antibodies are provided. These novel anti-p185HERL anti- 
bodies aTe sometimes collectively referred to herein as 
huMAb4D5, and also sometimes as the light or heavy chain 
variable domains of huMAb4D5, and arc defined herein to 
be any polypeptide sequence which possesses a biological 
property of a polypeptidc comprising the following polypcp- 
tide .sequence: 

DIQMTQSPSSLSASVGDRVIlTCR4sQD- 
VNGWzWfYCQKPGKAPKLlNsASF LESGVPSRFSGSRS- 
GTDFnrrSS~~PEDFX’YYCQQ~~ 
TPFTFGQGTKVEIKRT (SEQ ID NO. I, which is the light 
chain variable domain of huMAb4DS); OI 

EVQLVESGGGLVQPGGSLRLWAASG- 
FiY~KDTYIHWVRQAF’GKGLEViVARIYP TNGYTRYADS- 
VKGR~AD’TSKXTAYLQMNS~- 
TA~~CSRWGGDGFY ~MDWGQGTLWSS (SEQ. ID 
NO. 2, whxh is the heavy cbsin vsriabla domain of 
huhfAb4DS). 

“Biological property”, 
pl85=‘, 

as relates for example to anti- 
for the purposes herein means an in vivo effector 

or antigen-binding function or activity that is directly or 
indirectly performed by huMAb4D5 (whether in its native or 
denatured conformation). Effector functious include 
plSS== binding, any hormonal or hormonal antagonist 
activity, any mitogenic or agonist or antagonist activity, any 
cytotoxic activity. An antigenic function means possession 
of an epitope or antigenic site that is capable of cross- 
reacting wilh antibodies raised against the polypeptide 
sequence of huMAb4DS. 

Biologically active huMAb4DS is defined herein as a 
polypeptide that shares an effector function of huMAb4D.5. 
A principal known effector function of huMAb4DS is its 
ability to bind to ~185~‘. 

Thus, the biologically active and antigcnically active 
huMAb4D5 polypeptides that are the subject of certain 
embodiments of this invention include the sequence of the 
entire translated nucleotide sequence of huMAb4D5; mature 
huMAb4D5; fragments thereof having a consecutive 
sequence of at least 5, 10, 15, 20, 25, 30 or 40 amino acid 
residues comprising sequences from muMAb4D5 plus resi- 
dues from the human FR of huMAb4D5; amino acid 
sequence variants of huMAb4D5 wherein an amioo acid 
residue has been inserted N- or C-terminal to, or within, 
huMAWD5 or its fragment as defmed above; amino acid 
sequence variants of huMAb4D5 or its fragment as defined 
above wherein an amino acid residue of huMAb4D5 or its 
fragment as defined above has been substituted by another 
residue, including predetermined mutations by, e.g., site- 
directed or PCR mutagenesis; derivatives of huMAb4D5 or 
its fragments as defined above wherein huMAb4DS or its 
fragments have been covalent modified, by substitution, 
chemical, enzymatic, or other appropriate means, with a 
moiety other than a naturally occurring amino add, and 
glycosylation variants of huMAb4D5 (insertion of a glyco- 
sylation site or deletioo of any glycosylation site by deletion, 
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insertion or substitution of suitable residues). Such frag- 
ments and variants exclude any polypepticle hrreiofore 
identified, including muMAb4D5 or any known polypep- 
tides fragment, which are anticipatory order 35 USC. 102 
as well as polypcptides obvious thereovcr under 35 U.S.C. 
103. 

An “isolated” polypeptide means polypeptide which has 
been identified and separated and/or recovered from a com- 
ponent of its natural environment. Contaminant components 
of its natural environment are materials which would inter- 
fere with diagnostic or therapeutic uses for the polypepiide, 
and may include enzymes, hormones, and other proteina- 
ceous or nonproteioaceous solutes. In preferred 
embodiments, for example, a polypeptide product compris- 
ing huMAb4D5 will be purified from a cell cullure or other 
synthetic environment (1) to greater than 95% by weight of 
protein as determined by the Lowry method, and most 
preferably more than 99% by weight, (2) to a degree 
sufficient to obtain at least 15 residues of N-terminal or 
internal amino acid sequence by use of a gas- or liquid-phase 
sequenator (such as a commercially available Applied Bio- 
systems sequenator Model 470, 477, or 473), or (3) to 
homogeneity by SDS-PAGE under reducing or nonreducing 
conditions using Coomassie blue or, preferably, silver stain. 
Isolated huMAb4D5 includes huMAb4D5 in situ within 
recombinant cells since at least one component of the 
huMAb4D5 natural environment will not be present. 
Ordinarily, however, isolated’huMAb4DS till be prepared 
by at least one puritication step. 

In accordance with this invention, huMAb4D5 nucleic 
acid is RNA or DNA containing greater than ten bases that 
encodes a biologically or antigenically active huMAb4DS, is 
complementary to nucleic acid sequence encoding such 
huMAb4D5, or hybridizes to nucleic acid sequence encod- 
ing such huMAb4D5 and remaiDs stably bound to it under 
stringent conditions, and comprises nucleic acid from a 
muMAb4D5 CDR and a human FR region. 

Preferably, the huMAb4D5 nucleic acid encodes a 
polypeptide sharing at least 75% sequence identity, more 
preferably at least 80%, still more preferably at least 85%. 
even more preferably at 90%, and most preferably 95%, 
with the huMAb4D5 amino acid sequence. Preferably, a 
nucleic acid molecule that hybridizes to the huMAb4DS 
nucleic acid contains at least 20, more preferably 40, and 
most preferably 90 bases. Such hybridizing or complemen- 
tary nucleic acid, however, is further defined as being novel 
llnder 35 USC. 102 and unobvious under 35 U.S.C. 103 
over any prior art nucleic acid. 

Stringent conditions are those that (1) employ low ionic 
strength and high temperature for washing, for example, 
0.015 M NaC1/0.0015 M sodium citrate/O/l% NaDodSO, at 
SO” C.; (2) employ during hybridization a denaturing agent 
such as formamide. for example, 50% (vol/vol) formamide 
with 0.1% bovine Serum albumiulOll% Ficoll/O/l% 
polyvinylpyrrolidonc!50 mM sodium phosphate buffer at pH 
6.5 with 750 mM NaC’l, 75 mM sodium citrate at 47O C.; or 
(3) employ 50% formamidc, 5xSSC (0.75 M NaCl, 0.075 M 
sodium citrate), 50 mM sodium phosphate (pH 6.8), 0.1% 
sodium pyrophosphate, SxDenhardt’s solution, sonicated 

60 salmon sperm DNA(50 g/ml), 0.1% SDS, and 10% dextran 
sulfate at 42 C., with washes at 42 C. in 0.2xSSC and 0.1% 
SDS. 

The term “control sequences” refers to DNA sequences 
necessary for the expression of an operably linked coding 

6s sequence in a particular host organism. The control 
sequences that are suitable for prokaryotes. for example, 
include a promoter, optionally an operator sequence, a 
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ribosome binding site, and possibly, other as yet poorly 
understood sequences. Eukaryotic celLs are known to utilize 
promoters, polyadenylation signals, and enhancers. 

Nucleic acid is “operably linked” whrn it is placed into a 
functlonal relationship with another nucleic acid sequence. 
For example, DNA for a presequence or secretory leader ir 
operably linked to DNA for a polypcptidc if it is expressed 
as a preprotein that participates in the secretion of the 
polypeptide, a promoter or enhancer is operably linked to a 
coding sequence if it affects the transcription of the 
sequence; or a ribosome binding site is operably linked to a 
coding sequence if it is positioned so as to facilitate trans- 
lation. Generally, “operably linked” means that the DNA 
sequences being linked are contiguous and, in the case of a 
secretory leader, contiguous and in reading phase. However 
enhancers do not have to be contiguous. Linking is accom- 
plished by ligation at convenient restriction sites. If such 
sites do not exist, then synthetic oligonucleotide adaptors or 
linkers are used in accord with conventional practice. 

An “exogenous” element is defined herein to mean 
nucleic acid sequence that is foreign to the cell, or homolo- 
gous to the cell but in a position within the host cell nucleic 
acid in which the element is ordinarily not found. 

As used herein, the expressions “cell,” “cell line,” and 
“cell culture” are used interchangeably and all such desig- 
nations include progeny. Thus, the words “transformants” 
and “transformed cells” include the primary subject cell and 
dultures derived therefrom without regard for the number of 
transfers. It is also understood that all progeny may not be 
precisely identical in DNA content, due to deliberate or 
inadvertent mutations. Mutant progeny that have the same 
function or biological activity as screened for in the origi- 
nally transformed cell are included. Where distinct dcsig- 
nations are intended, it will be clear from fhe context. 
“Oligonucleotides” are short-length, single- or double- 
stranded polydeoxynucleotides that are chemically synthe- 
sized by known methods (such as phosphotricster, 
phosphite, or phosphoramidite chemistry, using solid phase 
techniques such as de.scribed in EP 266,032 published May 
4, 1988. or via deoxynucleoside H-phosphonate intermedi- 
ates as described by Froehler et al., 1z’ncZ. Acids Rex, 14: 
5399-5407 [19561). They are then purified on polyacryla- 
mide gels. 

The technique of “polymerase chain reaction,” or “PCR,” 
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as used herein generally refers to a procedure wherein 45 

minute amounts of a specific piece of nucleic acid, RNA 
and/or DNA, are amplified ‘as described in U.S. Pat. No. 
4,683,195 issued Jul. 28, 1987. Generally, sequence infor- 
mation from the ends of the region of interest or beyond 
needs to be available, such that oligonucleotide primers can 50 
be designed; these primers will be identical or similar in 
sequence to opposite strands of the template lo be amplified. 
The 5’ terminal nucleotides of the two primers may coincide 
ullth the ends of the amplified material. PCR can be used to 
amplify specific RNA sequences, specific DNA sequences ss 
from lotal genomic DNA, and cDNA transcribed from total 
cellular RNA, bacteriophage or plasmid sequences, etc. See 
generally Mullis et al., Coil Spring Harbor Symp. Quanr. 
Biol., 51: 263 (1987); Erlich, ed., PCR Technology, 
(Stockton Press, NY, 1989). As used herein, PCR is consid- 60 
ered to be one, but not the only, example of a nucleic acid 

16 
polymerase reaction method for amplifying a nucleic acid 
test sample, comprising the use of a known nucleic acid 
(DNA or RNA) as a primer and utilizes a nucleic acid 
polymerase to amplify or generate a specific piece of nucleic 
acid or to amplify or generate a specific piece of nucleic acid 
which is complementary to a particular nucleic acid. 

Suitable Methods for Practicing the Invention 

Some aspects of this invention include obtaining an 
import, non-human antiiody variable domain, producing a 
desired humanized antibody sequence and for humanizing 
an antibody gene sequence are described below. A particu- 
larly preferred method of changing a gene sequence, such as 
gene conversion from a non-human or consensus sequence 
into a humanized nucleic acid sequence, is the cassette 
mutagenesis procedure described in Example 1. 
Additionally, methods are given for obtaining and producing 
antibodies generally, which apply equally to native non- 
human antibodies as well as to humanized antibodies. 

Generally, the antibodies and a&body variable domains 
of this invention are conventionally prepared in recombinant 
cell culture, a5 described in more detail below. Recombinant 
synthesis is preferred for reasons of safety and economy, but 
it is known to prepare peptides by chemical syuthesis and to 
purify them from natural sources; such preparations are 
inc111ded within the definition of antibodies herein. 
Molecular Modcling 

An integral step in our approach to antibody humani&on 
is construction of computer graphics models of the import 
and humanized antibodies. These models are used to deter- 
mine if the six complementarity-determining regions 
(CDRs) can be successfully transplanted from the import 
framework to a human one and to determine which frame- 
work residues from the import antibody, if any, need to be 
incorporated into the humanized antibody in order to main- 
tain CDR conformation. In addition, analysis of the 
sequences or the import and humanized antibodies and 
reference to the models can help to discern which frame- 
work residues are unusual and thereby might be involved in 
antigen binding or maintenance of proper antibody structure. 

All of the humanized antibody models of this invention 
are based OD a single three-dimensional computer graphics 
structure hereafter referred to as the consensus structure. 
This consensus structure is a key distinction from the 
approach of previous workers in the field, who typically 
begin by selecting a human antibody struchlre which has an 
amino acid sequence which is similar to the sequence of 
their import antibody. 

The consensus structure of one embodiment of this inven- 
tion was built in five steps as described below. 

Step 1: .Seven Fab X-ray crystal structures from the 
Brookhaven Protein Data Bank were used (entries 2FB4, 
ZRHE, 3FAB, and 1 REI which are human structures, and 
2MCP, lFBJ, and 2HFL which are murine structures). For 
each structure, protein mainchain geometry and hydrogen 
bonding patterns were used to assign each residue to one of 
three secondary structure types: alpha-helix, beta-strand or 
other (i.e. non-helix and non-strand). The immunoglobulin 
residues used in superpositioning and those included in the 
consensus structure are shown in Table I. 
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TABLE 1 

V,K domain 

lg’ 2FB4 3KHlJ ZMCY 3FAB 1PBl 2H11 IRE1 Consensus” 

L-11 
18-24 18-24 IP-2s IS-24 1%25 19-2s 19-2.5 15-27 
32-35 34-39 39-44 32-37 3s.37 32-37 33-38 33-33 

41-43 
60-66 62-68 67-T 53-66 m-65 6G-65 61-66 59-77 
69-74 71-76 76-81 69-74 69-74 60-74 70-75 
84-88 86-90 91-95 \84--38 aw3a 54.48 85-89 82-91 

101-10s 
RMS’: 0.40 0.60 0 S3 0.54 0.48 0.50 

v, domain 

I&? 2FB4 2MCP 3PAB iFB.J 2HFL consenvusb 

3-a 
18-25 18-Z 18-25 1a2s 18-2s 17-U 
3639 34-39 s-39 34-39 34-39 33-41 
46-s-.52 46-52 46-Z 46-s2 46-Z 45-51 
57-61 59-63 5640 57-61 S7-61 57-61 
68-71 To-73 67-70 68-71 68-71 6671 
s-84 N-86 77-83 ?a884 78-84 75-82 
92-99 94-101 Yl-99 92-99 92-99 88-94 

IM-108 
RbW 0.43 0.85 O.h2 0.91 
RI& 0.91 0.73 0.77 0.92 

‘Ibur-letter code for Protein Data Bank file. 
%sidue numtxrs for the crystal fitruchrres are tnken fwm tbc prrtem Data Hank files. 
Residue numbers for the consensqv structure are according to Rabat et al. 
I-Root-mean-square deviation in 4 for (N,Ca,C) aloms superimpmed on IFBJ. 
“Root-mean~q~xate deviation in A fm (N,Cu,C) xtoms superimposed on ZHFL 

Step 2: Having identified the alpha-helices and beta- 
strands in each of the seven structures, the structures were 
superimposed on one another using the INSIGHT computer 
program (Biosym ‘Technologies, San Diego, Calif.) as fol- 
lows: Tbe 2FB4 structure was arbitrarily chosen as the 
template (or reference) structure. The 2FB4 was held fixed 
in space and the other six structures rotated and translated in 
space so that =their common secondary structural elements 
(i.e. alpha-hclices and beta-strands) were oriented such that 
these common elements were as close in position to one 
another ‘as possible. (This superpositioning was performed 
using accepted mathematical formulae tdlhcr than actually 
physically moving the structures by hand.) 

Step 3: With the seven structures thus superimposed, for 
each residue in the template (2FB4) Fab one calculates the 
distance from the template alpha-carbon atom (C(t) to the 
analogous Ca atom in each of the other six superimposed 
structures. This results in a table of CaXa distances for 
each residue position in the sequence. Such a table is 
necessary in order to determine which residue positions will 
be included in the consensus model. Generally, if all 
Ca-Ca distances for a given residue position were 5 1 .O .&, 
that position was included in the consensus structure. If for 
a given position only one Fab crystal structure was >l.O A, 
the position was included but the outlying crystal structure 
was not included in the next step (for this position only). In 
general, the seven P-strands were included in the consensus 
structure while some of the loops connecting the fi-strands, 
e.g. complementarity-determining regions (CDRs), were not 
included in view of Ca divergence. 

Step 4: For each residue which was included in the 
consensus structure after step 3, the average of the coordi- 
nates for individual mainchain N, Ca, C, 0 and Cp atoms 

35 

40 

were calculated. Due to the averaging procedure, as well as 
variation in bond length, bond angle and dihedral angle 
among the crystal structures, this “average” structure con- 
tained some hond lengths and angles which deviated from 
standard geometry. For purposes of this invention, “standard 
geometry” is understood tn include geometries commonly 
accepted as typical, such as the compilation of bond lengths 
and angles from small molecule structuresin Weiner, S. J. et. 
al., J. Ames Chem. Sm.. 106: 765-784 (1984). 

45 

SO 

Step 5: In order to correct these deviations, the final step 
was to subject the “average” structure to SO cycles of energy 
minimization (DISCOVER program, Biosym Technologies) 
using the AMBER (Weiner, S. J. et. al.,J.Amrr Chem. Sue., 
106: 765-784 (1994)) parameter set with only the Ca 
coordinates fixed (i.e. all other atoms are allowed to move) 
(energy minimization is described below). This allowed any 
deviant bond lengths and angles to assume a standard 
(chemically acceptable) geometry. See Table II. 

55 TABLE II 

60 

N--C:n 1.459 1.451((!.004) 1.451 1.452(0.004) 1449 
(0.012) (0 023) 

G-C 1.515 1.523(0.005) 1 507 1.542@005-) 1.522 

65 O=C 
(0.012) (0.033) 
12.08 1 229(0.003) 1.160 1.231(0.003) 1.229 

(O.Otq (0.177) 

18 
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TABLE R-continued 

C-N 1.288 1 337(0.002) 17.232 1.335(i) 004:) 1.335 
((1.04'l) 

thCp 1 $08 1 5d!(o.oln) Y2 . 1.531!(!1 002) 1.52i 5 
(0.026) (%03Y) 

0 !4 ("I (4 (9 

C---S4 123.5 123S(l.l) 125.3 124 O(l.l) 121.9 
(4.2) (4.6) 10 

N-ca-c 110.0 109.5(1 9) 110.3 109.5(1 6, 110.1 
(4.0) (2% 

Ca-C-N 116.6 116.6(1 2) 117.6 116.6(0 8) 116.6 
(4.0) c5.2) 

0-C-X 123.1 123.4(0.6) 1222 123.3(0.4) 1229 
(4.1) (4.9 IS 

N-ca.cp, 110.3 lOY.8(0.7J 110.6 lOY.8(0 6) 109 5 
w 

26, 27,29 (CDRI) and 5.5 (CDR2). For light chain CDR2, 
and heavy chain CDR?, only the size of the OR is 
compared to the Chothia canonical structure. If the size and 
sequence (i.e. inclusion of the specific, structurally impor- 
tant residues as denoted by Chothia et al.) of the import CDR 
agrees in size and has the same structurally important 
residues as those of a canonical CDR, then the mainchain 
conformation of the import CDR in the model is taken to be 
the same as that of the cauonical CDR. This means that the 
import sequence is assigned the structural configuration of 
the canonical CDR, which is then incorporated in the 
evolving model, 

cp-CCL-C 111 4 lll.l(iJ.7) E  lll.ljO.6J 1111 
(2.4) (22 

Voluw in parentheses me standard dewations. Note that while SONC bond 
length and angle avcragcs did not change appreciably ntk energy- 

2. 

minimization, the wrrcsponding standard devi&ns are reduced due to 
deviant gcomclrizs asnnning standard values after energy-mininG,ation 
Standard geometiy values are from lhe AMBER fcncrfield as implemcntcd 
in DISCOVER (Biosym Technologiesj. 

The consensus structure might conceivably be dependent zs 
upon which crystal structure was chosen as the template on 
which the others were superimposed. As a test, the entire 
procedure was repeated using the crystal structure with the 
worst superposition versus 2FB4, i.e. the 2HFL Fab 
structure, as the new template (reference). The two consen- 30 
sus structures compare favorably (root-mean-squared devia- 
tion of 0.11 ,& for all N, Ca and C atoms). 

However, if no matching canonical CDR can be assigned 
for the import CDR, then one of two options can be 
exercised. First, using a program such as INSIGHT(Riosym 
Technologies), the Brookhaven Protein Data Bank can be 
searched for loops with a similar size to that of the import 
CDR and these loops can be evaluated as possrble confor- 
mations for the import CDR in the model. Minimally, such 
loops must exhibit a conformation in which no loop atom 
overlaps with other protein atoms. Second, one can use 
available programs which calculate possible loop 
conformations, assuming a given loop size, using methods 
such as described by Bruccoleri et al., Nu~urr 335: 564-568 
(198Y). 

Note that the consensus structure only includes mainchain 
(N, Co, C, 0, Cp atoms) coordinates for only those residues 
which are part of a conformation common to all seven X-ray 35 
crystal structures. For the Fab structures, these include the 
common F-strands (which comprise Iwo P-sheets) and a few 
non-CDR loops which connect these p-strands. The consen- 
sus structure does not include CDRs or sidechains, both of 
which vary in their conformation among the seven strut- 40 

tures. Also, note that the consensus structure inchides only 
the VL and VI-1 domains. 

When all CDRs and sidechains have been added to the 
consensus structure to give the final model (import, human 
or humanimd), the model is preferably subjected to energy 
minimization using programs which are available comrner- 
cially (e.g. DISCOVER, Riosym Technologies). This tech- 
nique uses complex mathematical formulae to refine the 
model by performing such tasks as checking that all atoms 
are within appropriate distances from one another and 
checking that bond lengths and angles are within chemically 
acceptable limits. 

This consensus structure is used as the archetype. It is not 
particular to any species, and has only the basic shape 
without side chains. Starting with this consensus structure 45 
the model of any import, human, or humanized Fab oan be 
constructed as follows. Using the amino acid sequence of the 
particular antihody VL and VH domains of interest, a 
computer graphics program (such as INSIGHT, Biosym 
Technologies) is used to add sidechains and CDRs to the 50 
consensus structure. When a sidechain is added, its confor- 
mation is chosen on the basis of known Fab crystal strut- 
tures (see the Background section for publications of such 
crystal structures) and rotamer libraries (Ponder, J. W. &  
Richards, 1:. M., J. 1Wol. Biol. 193: 775-791 (1987)). The 
model also is constructed so that the atoms of the sidechain 
are positioned so as to not collide with other atoms in the 
Fab. 

Models of a humanized, import or human antibody 
sequence are used in the practice of this invention to 
understand the impact of selected amino acid residues of the 
activity of the sequence being modeled. For example, such 
a model can show residues which may be important in 
antigen binding, or for maintaining the conformation of the 
antibody, as discussed in more detail below. Modeling can 
aLso be used to explore the potential impact of changing any 
amino acid residue in the antibody sequence. 
Methods for Obtaining a Humanized Antibody Sequence 

In the practice of this invention, the first step in human- 
izing an import antibody is deriving a consensus amino acid 
sequence into which to incorporate the import sequences. 
Next a model is generated for these sequences using the 
methods described above. In certain embodiments of this 
invention, the consensus human sequences are derived from 
the most abundant subclasses in the sequence compilation of 
Kabat et al. (Kabat, E. A. et al., Sequences of Proteins of 
Immunological Interest (National Institutes of Health, 

55 Bethesda, Md , 1987)), namely V*K subgroup I and V, 
group 111, and have the sequences indicated in the definitions 
above. 

While these steps may be taken in different order, typi- 
cally a structure for the candidate humanized antibody is 

60 created by transferring the at least one CDR from the 
non-human, import sequence into the consensus human 
structure, after the entire corresponding human CDR has 
been removed. The humanized antibody may contain human 
replacements of the non-human import residues at positions 

65 within CDRs as defined by sequence variability (Kabat, E. 
A. et d., Sequences of l+oteins of Immwwlogical Inter& 
(National Institutes of Health, Bethesda, Md., 1987)) or as 

CDRs are added to the model (now having the backbone 
plus side chains) as follows. ‘The size (i.e. number of amino 
acids) of each import CDR is compared to canonical CDR 
structures tabulated by Chothia et al., hTature, 342:877-883 
(1989)) and which were derived from Fab crystals. Each 
CDR sequence is also reviewed for the presence or absence 
of certain specific amino acid residues which are identified 
by Chothia as structurally important: e.g. light chain resi- 
dues 29 (CDRl) and 9.5 (CDR3), and heavy chain residues 
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defined by structural variability (Chothia, C. & Lcsk, A. M., 
J. Mol. Bid. 196:901-917 (1987)). For example, 
huMAb4DS contains human replacements of the 
muMAb4D5 residues at three positions within CDRs as 
defiued by sequence variability (Kabat, E. A. et al., s 
Sequences of Pnteins of Immmological Interest (National 
Institutes of I-I&h, Bethesda, Md., 1987)) but not as 
defined by structural variability (Chothia, C. L Lesk, A. M., 
J. ,%foZ Biol. 196:901-917 (1987)): V,-CDRl K24R, 
V,-CDRZ R54L and V,--CDR2 T56.S 10 

Differences between the non-human import and the 
human consensus framework residues are individually 
investigated to determine their possible influence on CDR 
conformation and/or binding to antigen. Investigation of 
such possible influences is desirably performed through 1s 
modeling, by examination of the characteristics of the amino 
acids at particular locations, or determined experimentally 
through evaluating the effects of substitution or mutagenesis 
of particular amino acids. 

IO certain preferred embodiments of this invention, a 20 
humanized antibody is made comprising amino acid 
sequence of an import, non-human antrbody and a human 
antibody, utilizing the steps of: 

a. obtaining the amino acid sequences of at least a portion 
of an import antibody variable domain and of a con- 25 
sensus human variable domain; 

b. identifying Complementarity Determining Region 
(CDR) amino acid sequences in the import and the 
human variable domain sequences; 

c. substituting an import CDR amino acid sequence for 30 

the corresponding human CDR amino acid sequence; 
d. aligning the amino acid sequences of a Framework 

Region (FR) of the import antibody and the corre- 
sponding FR of the consensus antibody; 

35 
e. identifying import antibody FR residues in the aligned 

FR sequences that are non-homologous to the corre- 
sponding consensus antibody residues; 

f. determining if the non-homologous import amino acid 
residue is reasonably expected to have at least one of 10 
the following effects: 
1. non-covalently binds antigen directly, 
2. interacts with a CDR; or 
3. participates in the V,-V, interface; and 

g. for any non-homologous import antibody ammo acid 45 

residue which is reasonably expected to have at lcast 
one of these effects, substrtuting that residue for the 
corresponding ammo acid residue in the consensus 
antibody FR sequence. 

Optionally, one determines if any non-homologous resi- 50 
dues identtied in step (e) are exposed on the surface of the 
domain or buried within it, and if the residue is exposed but 
has none of the effects identified in step (I), one may retain 
the consensus residue. 

Additionally, in certain embodiments the corresponding 55 

consensus antibody residues identihed in step (e) above are 
selected from the group consisting of 4L, 35L, 3GL, 38L, 
43L, 44L, 4GL, 58L, 62L, 63L, 64L, GSL, G6L, 67L, 68L, 
68L, 69L, 7tJL. 71 I, 73L, SSL, 87L, 98L, SH, 4H, 24H, 
36H, 37H, 39H, 43H, 45H, 49H, 58H, 6OH, 67H, G8H, 69H, 60 
7OH, 731.1, 74H, 75H, 7GH,781-I, 91I1, 92H, 93H, and 1031-I 
(utilizing the numbering system set forth in Kabat, E. A. et 
al., Sequences of Proteins of Immunological Interest 
(National Institutes of Health, Bethesda, Md., 1987)). 

lo preferred embodiments, the method of this invention 6s 
comprises the additional steps of searching either or both of 
the import, non-human and the consensus variable domain 

22 
sequences for glycosylation sites, determining if the glyco- 
sylation is reasonably expected to be importaut for the 
desired antigen binding and biological actrvity of the anti- 
bodv (i.e., determining if the rlvcosvlation site binds to 
antigen or changes a size chain of& amino acid residue that 
binds to antigen, or if the glycosylation enhances or weakens 
antigen binding, or is important for maintaining antibody 
affiaity). If the import sequence bears the glycosylatioo site, 
it is preferred to substitute that site for the corresponding 
residues in the consensus human sequence if the glycosy- 
lation site is reasonably expected to be important. If only the 
consensus sequence, and not the import, bears the glycosy- 
lation site, it is preferred to eliminate that glycosylation site 
or substitute therefor the corresponding amino acid residues 
from the import sequence. 

Another preferred embodiment of the methods of this 
invention comprises ahgning import antibody and the con- 
sensus antibody FR sequences, identifying import antibody 
FR residues which are non-homologous with the aligned 
consensus FR sequence, and for each such non-homologous 
import antibody FR residue. determining if the correspond- 
ing consensus antibody residue represents a residue which is 
highly conserved across all species at that site, and if it is so 
conserved, preparing a humanized antibody which com- 
p&s the consensus antibody ammo acid residue at that site. 

In certain alternate embodiments, one need not utilize the 
modeling and evaluation steps described above, and may 
instead proceed with the steps of obtaining the amino acrd 
sequence of at least a portion of an import, non-human 
antibody variable domain having a CDR and a FR, obtaining 
the amino acid sequence of at least a portion of a consensus 
human antibody variable domain having a CDK and a FR, 
substituting the non-human CDR for the human CDR in the 
consensus human antibody variable domain, and then sub- 
stituting an amino acid residue for the consensus amino acid 
residue at at least one of the following sites: 

a. (in the FR of the variable domain of the light chain) 4L, 
35L, 3GL, 38L, 43L, 44L, 58L, 4GL, 62L, 63L, 64L, 
GSL, 66L, 67L, G8L, 69L, 7OC, 71L, 73L, 8X, 87L, 
98L, or 

b. (in the FR OC the variable domain of the heavy chain) 
2H, 4H, 24H, 36H,37H, 39H, 43H, 45H, 49H, 58H, 
GOH, 67H, 68H, 69H, 7OH, 73H, 74H, 75H, 76H, 78H, 
9111, 92H, 93H, and 103H. 

Preferably, the non-CDR residue substituted at the consen- 
sus FR site is the residue found at the corresponding location 
of the non-human antibody. If desired, one may utilize the 
other method steps described above for determining whether 
a particular amino acid residue can reasonably be expected 
to have undesirable eITects, and remedying those effects. 

If after making a humanized antibody according to the 
steps above and testing its activity one is not satisfied with 
the humanized antrbody, one preferably reexamines the 
potential effects of the amino acid5 at the specific locations 
recited above. Additionally, it is desirable to reinvestigate 
any buried residues which are reastmahly expected to afftict 
the V,-V, Interface but may not directly affect CDR con- 
formation. It is also desirable to reevaluate the humanized 
antibody utilizing the steps of the methods claimed herein. 

In certain embodiments of this invention, amino acid 
residues in the consensus human sequence are substituted 
for by other ammo acid residues. In preferred embodiments, 
residues from a particular non-human import sequence are 
substituted, however there are circumstances where it is 
desired to evaluate the elfects of other amino acids. For 
example, if after making a humanized antibody according to 
the steps above and testing ~LS activity one is not s&fled 
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with the humanized antibody, one may compare the expressing the desired antibody. The hybridoma technique 
sequences of other classes or subgroups of human described originally by Kohler and Milslein, Eul: .I. Immu- 
antibodies, or classes or subgroups of antibodies from the nol. 6511 (1976) has been widely applied to produce hybrid 
particular non-human species, and determine which other cell lines that secrete high levels of monoclonal antibodIes 
amino acid side chains and amino acid residues are found at s agninst many specific antigens. 
particular locations and substituting such other residues. It is possible to fuse cells of one species with another. 
Antibodies However, it is preferable that the source of the immunized 

Certain aspects of this invention are directed to natural antibody producing cells and the myeloma be from the same 
antibodies and to monoclonal antibodies, as illustrated in the species. 
Examples below and by antibody hybridomas deposited 10 The hybrid cell lines can be maintained in culture in vitro 
with the ATCC (as described below) Thus, the references in cell culture media. The cell lines of this invenfon can be 
throughout this description to the use of monoclonal anti- selected and/or maintained in a composition comprismg the 
bodies are intended to include the use of natural or native continuous cell line iu h~~ox~~thine-amioplrin thymidine 
antibodies as well as humanized and chimeric antibodies. As (HAT) medium. In fact, once the hybridoma cell line is 
used herein, the term “antibody” includes rhe antibody IS established, it can be maintained on a variety of nutritionally 
variable domain and other separable antibody domains adequate me&a. Moreover, the hybrid ccl1 hncs can be 
unless specifically excluded. stored and preserved in any number of conventional ways, 

In accordance with certain aspects of this invention, including freezing and storage under liquid nitrogen. Frozen 
antibodies to be humanilsd (import antibodies) are isolated cell lines can be revived and cultured indefinitely with 
from continuous hybrid cell lines formed by the fusion of 20 resumed synthesis and secretion of monoclonal antibody. 
antigen-primed immune lymphocytes with myeloma cells. The secreted antibody is recovered from tissue culture 

In certain embodiments, the antibodies of this iuvention supernataut by conventional methods such as precipitation, 
are obtained by routine screening. Polyclonal antibodies to Ion exchange chromatography, afEnity chromatography, or 
an antigen generally are raised in animals by multiple the like. The antibodies described herein are also recovered 
subcutaneous (sc) or intraperitoneal (ip) injections of the zs from hybridoma cell cultures by conventional methods for 
antigen and an adjwant. If may be useful to conjugate the purification of IgG or IgM as the case may be that heretofore 
antigen or a Gagment containing the target amino acid have been used to purify these immunoglobulins from 
Sequence to a protein that is immunogenic in the species to pooled plasma, e.g. eihanol or polyethylene glycol precipi- 
be immunized, e.g., keyhole limpet hemocyanin, serum tation procedures. ‘The purified antibodies arc sterile filtered, 
albumin, bovine thyroglobulin, or soybean trypsin inhibitor 311 and optionally are conjugated to a detectable marker such as 
using a bifunctional or derivatizing agent, for example, an enzyme or spin label for use in diagnostic assays of the 
maleimidobenzoyl sulfosuccinimide ester (conjugation antigen in test samples. 
through cysteine residues), N-hydroxysuccinimide (through While routinely rodent monoclonal antbodics are used as 
lysine residues), glutaraldehyde, succinic anhydride, SO&, the source of the import antibody, the invention 1s nor 
or RlN=C=NR, where R and R’ are different alkyl groups. 35 limited to any species. Additionally, techniques developed 

The route and schedule of the host animal or cultured for the production of chimeric antibodies (Morrison et al., 
antibody-producing cells therefrom are generally in keeping Pnx. Null. Acd. Ski., cY1:6851 (1984); Ncuberger et al., 
with established and conventional techniques for antibody Nutz~e 312604 (1984); Takeda et al., Nurure 314:452 
stimulation and production. While mice are frequently (198.5)) by spliciug the genes from a mouse antibody mol- 
employed as the test model, it is contemplated that any 40 ecule of appropriate antigen speciticity together with genes 
mammalian subject including human subjects or antibody- from a human antibody molecule of appropriate biological ’ 
producing cells obtained therefrom can be manipulated activity (such as ability to activate human complement and ~ 
according to the processes of thiy invention to serve as the mediate ADCC) can be used, such antibodies are within the 
basis for production of mammalian, including human, scope of this invention. 
hybrid cell lines. 45 Techniques for creating recombinant DNA versions of the 

Animals are typically immunized against the immuno- antigen-binding regions of antibody molecules (known as 8 
genie conjugates or derivatives by combining 1 mg or 1 yg Fab fragments) which bypass the generation of monoclonal 
of conjugate (for rabbits or mice, respectively) with 3 antibodies are encompassed within the practice of this 
volumes of keund’s complete adjuvant and injecting the invention. One extracts antibody-specific messenger RNA 
solution intradermally at multiple sites. One month later the 50 molecules from immune system cells taken from an inunu- 
animals are boosted with % to %o the original amount of nized animal, transcribes these into complementary DNA 
conjugate in Freund’s complete adjuvant (or other suitable (cDNA), and clones the cDNA into a bacterial expressions 
adjuvant) by subcutaneous injection at multiple sites. 7 to 14 system. One example of such a technique suitable for the 
days later animals are bled and lhe serum is assayed for practice of this invention was developed by researchers at 
antigen titer. Animals are boosted until the titer plateaus. 55 Scripps/Stratagene, and incorporates a proprietary bacte- 
Preferably, the animal is boosled with the conjugate of the riophage lambda vector system which contains a leader 
same antigen, but conjugated to a different protein and/or sequence that causes the expressed Fab protein to migrate to 
through a different cross-linking agent. Conjugates also can the periplasmic space (between the bacterial cell membrane 
be made in recombinant cell culture as protein fusions. Also, and the cell wall) or to be secreted. One can rapidly generate 
aggregating agents such as alum are used to enhance the 60 and screen great numbers of functional FAb fragments for 
immune response. those which bind the antigen. Such PAb fragments with 

After immunization, monoclonal antibodies are prepared specificity for the antigen are specifically encompassed 
by recovering immune lympboid cells--typically spleen within the term “antibody” as it is defined, discussed, and 
cells or lymphocytes from lymph node tissue-from immu- claimed herein. 
nized animals and immortalizing the cells in conventional 6s Amino Acid Sequence Variants 
fashion, e.g. by fusion with myeloma cells or by Epstein- Amino acid sequence variants of the antibodies and 
Barr @B)-vims transformation and screening for clones polypcptides of this invention (referred to in herein as the 
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target polypeptidc) are prepared by introducing appropriate 
nucleotide changes into the DNA encoding the target 
polypeptide, or by in vitro synthesis of the desired target 
polypeptide. Such variants include, for example, humanized 
variants of non-human antibodies, as well as deletions from, 
or insertions or substitutions of, residues within particular 
amino acid scqucnces. Any combination of deletion, 
insertion, and substitution can be made to arrive at the final 
construct, provided that the final coartruct possesses the 
desired characteristics. The amino acid changes also may 
alter post-translational processes of the target polypeptide, 
such as changing the number or position of glycosylation 
sites, altering any membrane anchoring chardcleristics, and/ 
or altering the intracellular location of the target polypep- 
tide by inserting, deleting, or otherwiw affecting any leader 
sequence of the native target polypeptide. 

residue, an artifact of the direct expression of target polypcp- 
tide in bacterial recombinaut cell culture. and fusion of a 
heterologous N-terminal signal sequence to the N-terminus 
of the target polypeptide molecule to facihtate the secretion 
of the mature target polypeptide from recombinant host 
cells. Such signal sequences generally will be obtained from, 
and thus homologous to, Ihe intended htsf cell sped=. 
Suitable sequences include STlI or Ipp for E. coil, alpha 
factor for yeast, and viral signals such as herpes gD for 
mammalian cells. 

Other insertional variants of the target polypeptide 
include the fission to the N- or C-terminus of the target 
polypeptide of immunogenic polypeptides, e.g., bacterial 
polypeptides such as beta-laclamase or an enzyme encoded 
by &e-E. coli trp locus, or yeast protein, an> C-terminal 
fusions with uroteins havinp a lone half-life such as immu- 

In designing amino acid sequence variants of target 
polypeptidcs, the location of the mutation site and the nature 
of the mutation will depend on the target polypeptide 
characteristic(s) to be modified. The sites for mutation can 
be modified individually or in series, e.g., by (1) substituting 
first with conservative amino acid choices and then with 
more radical selections depending upon the results achieved, 
(2) deleting the target residue, or (3) inserting residues of the 
same or a difYerent class adjacent to the located site, or 
combinations of options 1-3. Tn certain embodiments, these 
choices are guided by the methods for creating humanized 
sequences set forth above. 

noglobulin constant regions (or other immunoglobulin 
regions), albumin, or ferritin, as described in WO 89!02922 
published Apr. 6, 1989. 

A useful method for identification of certain residues or 
regious of the target polypeptide that are preferred locations 
for mutagenesis is called “alanine scanning mutagenesis” as 
described by Cunningham and Welh (Science, 244: 
10X1-lOS5 [19S9J). Here. a residue or group of target 
residues are identified (e.g., charged residues such as arg, 
asp, his, lys, and glu) and replaced by a neutral ot negatively 
charged amino acid (most preferably alanine or polyalanine) 
to affect the interaction of the amino acids with the sur- 
rounding aqueous environment in or outside the cell. Those 
domains demonstrating functional sensitivity to the substi- 
tutions then are refined by introducing further or other 
variants at or for the sites of substitution. Thus, while the site 
for introducing an amino acid sequence variation is 
predetermined, the nature of the mutation per se need not be 
predetermined. For example, to optimize the performance of 
a mutation at a given site, ala scanning or random mutagen- 
esis may be conducted at the target codon or region and the 
expressed target polypeptide variants are screened for the 
optimal combination of desired activity. 

Another group of variants are amino acid substitution 
variants. These variants have at least one amino acid residue 
in the target polypeptide molecule removed and a different 
residue inserted in its place. The sites of greatest interest for 
substitutional mutagenesis include sites identified as the 
active site(s) of the target polypeptide, and sites where the 
amino acids found in the target polypeptide from various 
species are substantially different in terms of side-chain 
bulk, charge, and/or hydrophobicity. Other sites for substi- 
tution are described infra, considering the effect of the 
substitution of the antigen binding, affinity and other char- 
acteristics of a particular target antibody. 
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Other sites of interest are those in which particular 
residues of the target polypeptides obtained from various 
species are identical. These positions may be important for 
the biological activity of the target polypeptide. These sites, 
especially those falling within a sequence of at least three 
other identically conserved sites, are substituted m a rela- 
tively conservative manner. If such substitutions result in a 
change in biological activity, then other chances are intro- 
duczd and the products screened until the deiired effect is 
obtained. 

‘lhere are two principal variables in the construction of 
amino acid sequence variants: the location of the mutation 
site and the nature of the mutation. In general, the location 
and nature of the mutation chosen w:ll depend upon the 
target polypeptide characteristic to be modified. 

Substantial moditications in function or immunological 
identity of the target polypeptide are accomplished by 
selecting substitutions that differ significantly in their effect 
on maintaining (a) the structure of the polyTeptide backbone 
in the area of the substitution, for example, as a sheet or 
helical conformation, (b) the charge or hydrophobicity of the 
molecule at the target site, or (c) the bulk of the side chain. 
Naturally occurring residues are divided into groups bawd 
on common side chain properties: 
(1) hydrophobic: norleucine, met, ala, val, lcu, ile; 
(2) neutral hydrophilic: cys, ser, thr; 
(3) acidic: asp, glu; 
(4) basic: am, gin, his, lys, arg; 

Amino acid sequence deletions of antibodies are generally 
not preferred, as maintaining the generally configuration of 
an antibody is believed to be necessary for its activily. Any 
deletions will be selected so as to preserve the structure of 
the target antiiody. 

(5) residues that influence chain orientation: gly, pro; and 
(6) aromatic: trp, tyr, phe. 

Amino acid sequence insertions include amino- and/or 
carboxyl-terminal fusions ranging in length from one resi- 
due to polypeptides containing a hundred or more residues, 
as well as intrasequence insertions of single or multiple 
amino acid residues. Intrasequence insertions (i.e., inser- 
tions within the target polypeptide sequence) may range 
generally from about 1 to 10 residues, more preferably 3 to 
5, most preferably 1 to 3. Examples of terminal insertions 
include the target polypeptide with an N-tenninal methionyl 

Non-conservative sub,ititutions will entail exchanging a 
member of one of these classes for another. Such substituted 
residues may be introduced inlo regions of the target 
polypcptidc that arc homologous with other antibodies of the 
same class or subclass, or, more preferably, into the non- 
homologous regions of the molcculc. 

Any cysteine residues not involved in maintaining the 
proper conformation of target polypeptide also may be 
substituted, generally with serine, to improve the oxidative 
stability of the molecule and prevent aberrant crosslinking. 

DNAencoding amino acid sequence variants of the target 
polypepride is prepared by a variety of methods known in 
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the art. These methods include, but are not limited to, 
isolation from a natural source (in the case of nalurally 
occurring amino acid sequence variants) or preparation by 
oligonucleotidr-mediated (or site-directed) mutagenesis, 
PCR mutagenesis, and cassette mutagenesis of an earlier 
prepared variant or a non-variant version of the target 
polypeptide. A particularly preferred method of gcnc con- 
version mutagenesis is described below in Example 1. These 
techniques may utilized target polypeptide nucleic acid 
(DNAor RNA), or nucleic acid complementary to the target 
polypeptide nucleic acid. 

Oligonucleotide-mediated mutagenesis is a preferred 
method for preparing substitution, deletion, and insertion 
variants of target polypeptide DNA. This technique is well 
known in the art as described by Adelman et al., DNA, 2: 183 
(1983). Briefly, the target polypeptide DNA is altered by 
hybridizing an oligonucleotide encoding the desired muta- 
tion to a DNA template, where the template is the singlc- 
stranded form of a plasmid or bacteriophage containing the 
unaltered or native DNAsequence of the target polypcptide. 
After hybridization, a DNApolymerase is used to synthesize 
an entire second complementary strand of the template that 
will thus incorporate the oligonucleotide primer, and will 
code for ihe selected alteration in the target polypeptide 
DNA. 

Generally, oligonucleotides of at least 25 nucleotides in 
length are used. An optimal oligonucleotide will have 12 to 
15 nucleotides that are completely complementary to the 
template on either side of the nucleotidc(s) coding for the 
mutation. This ensures that the oligonucleotide will hybrid- 
ize properly to the single-stranded DNA template molecule. 
The oligonucleotides are readily synthesized using tech- 
niqucs known in the art such as that described by Crea et al. 
(Uvoc. Narl. Acnd. Sd. USA, 75: 5765 [1978n. 

Single-stranded DNA template may also be generated by 
denaturing double-stranded plasmid (or other) DNA using 
standard techniques. 

For alteration of the native DNA sequence (to generate 
amino acid sequence vatiants, for example), the oligonucle- 
otide is hybridized to the single-stranded template under 
suitable hybridization conditions. A DNA polymerizing 
enzyme, usually the Klenow fragment of DNA polymerase 
1, is then added to synthesize the complementary strand of 
the template using the oligonucleotide as a primer for 
synthesis. A heteroduplex molecule is thus formed such that 
one strand of DNA encodes the mutated form of the target 
polypeptide, and the other strand (the original template) 
encodes the native,unaltered sequence of the target polypep- 
tide. This heteroduplex molecule is then transformed mto a 
suitable host cell, usually a prokaryote such as E. coli 
JMlUl. After the cells are grown, they are plated onto 
agarose plates and screened using the oligonucleotide primer 
radiolabeled with 32-phosphate to identify the bacterial 
colonies that contain the mutated DNA. The mutated region 
is then removed and placed in an appropriate vector for 
protein production, generally an expression vector of the 
type typically employed for transformation of an appropriate 
host. 

The method described immediately above may be modi- 
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obtained from Amcrsham Corporation). This mixture is 
added to the template-oligonucleotide complex Upon addi- 
tion of DNA polymerase to this mixture, a strand of DNA 
identical to the template except for the mutated bases is 
generated. In addition, this new strand of DNAwill contain 
dCTP-(as) instead of dCTP, which serves to protect it from 
restriction endonuclease digestion. 

After the template strand of the double-stranded hetero- 
duplex is nicked with an approptiate restriction enzyme, the 
template strand can be digested with ExoIII nuclease or 
another appropriate nucleasc pcast the region that contains 
the site(s) to be mutagenized. The reaction is then stopped to 
leave a molecule that is only partially single-stranded. A 
complete double-stranded DNA homoduplex is then formed 
using DNA polymerase in the presence of all four deoxyri- 
bonucleotide trtphosphates, AIP, and DNA ligase. This 
homoduplex molecule can then be transformed into a suit- 
able host cell such as E. coli JMlOl, as described above. 

DNAencoding target polypeptide variants with more than 
one amino acid to be substituted may be generated in one of 
several ways. If the amino acids are located close together 
in the polypeptide chain, they may be mutated simulta- 
neously using one oligonucleotide that codes for all of the 
desired amino acid substitutions. If, however, the amino 
acids are located some distance from each other (separated 
by more than about ten amino acids), it is more difhcult to 
generate a. single oligonucleotide that encodes all of the 
desired changes. Instead, we of two alternative methods 
may be employed. 

In the first method, aseparate oligonucleotide is generaterl 
for each amino acid to be substituted. The oligonucleotides 
are then annealed to the single-stranded template DNA 
simultaneously, and the second strand of DNA that is 
synthesized from the template will encode a11 of the desired 
amino acid substitutions. 

The alternative method involves two or more rounds of 
mutagenesis to produce the desired mutant. The first round 
is as described for the single mutants: wild-type DNAis used 
for the template, an ohgonucleotide encoding the first 
desired ammo acid substitutions) is annealed to this 
template, and the heteroduplex DNA molecule is then gen- 
crated. The second round of mutagenesis utilizes the 
mutated DNA produced in the first round of mutagenesis as 
the template. Thus, this template already contains one or 
more mutations. The oligonucleotide encoding the addi- 
tional desired amino acid substitution(s) is then annealed to 
this template, and the resulting strand of DNAnow encodes 
mutations from both the first and second rounds of mutagen- 
esis. This resultant DNAcan be used as a template in a third 

50 round of mutagenesis, and so on. 
PCR mutagenesis is also suitable for making amino acid 

variants of target polypeptide. While the following discus- 
sion refers to DNA, it is understood that the technique also 
finds application with RNA. Tbe PCR technique generally 

55 refers to the following procedure (see Erlich, supra, the 
chapter by R. Higuchi, p. 61-70): When small amounts of 
template DNA arc used as starting material in a PCR, 
primers that differ slightly in sequence from the correspond- 
ing region in a template DNA can be used to generate 

fied such that a homoduplex molecule is created wherein 60 relatively large quantities of a specific DNA fragment that 
both strands of the plasmid contain the mutation(s). ‘I’hc 
moditications are as follows: The single-stranded oligo- 

differs from the template sequence only at the positions 

nuclcotide is annealed to the single-stranded template as 
where the primers differ from the template. For introduction 

described above. A mixture of three deo.xyribonucleotides, 
of a mutation iuto a plasmid DNA, one of the primers is 
designed to overlap the position of the mutation and to 

deoxyrihoadenosine (dATP), deoxyriboguanosine (dGTP), 6s contain the mutation; the sequence of the other primer must 
and deoxyribothymidine (d’ITP), is combined with a modi- 
fled thio-deoxyribocytosine called dCTl?-(as) (which can be 

be identical to a stretch of sequence of the opposite strand of 
tbe plasmid, but this sequence can be located anywhere 
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along the plasmid DNA. It is preferred, however, that the 
sequence of the second primer is located within 200 nucle- 
otides from that of the first, such that in the end the entire 
amplified region of DNA bounded by the primers can be 
easily sequenced. PCR amplification using a primer pair like 
the one just described results in a population of DNA 
fragments that differ at the position of the mutation specified 
by the primer, and possibly at other positions, as template 
copying is somewhat error-prone. 

If the ratio of template to product material is extremely 
low, the vast majority of product DNA fragments incorpo- 
rate the desired mutation(s). This product material is used to 
replace the corresponding ‘region& the plasmid that served 
as PCR temnlatc using standard DNAtachnolos~. Mutations 
at separate positions-can be introduced simul~neously by 
either using a mutant second primer, or performing a second 
PCR with different mutant primers and ligating the two 
resulting PCR fragments simultaneously to the vector frag- 
ment in a three (or more)-part ligation 

In a specific example of PC‘R mutagenesis, template 
plasmid DNA (1 pg) is linearized by digestion with a 
restriction endonuclease that has a unique recognition site in 
the plasmid DNA outside of the region to be amplsed. Of 
this material, 100 ng is added to a PCR mixture containing 
PCR buffer, which contains the four deoxynucleotide tri- 
phosphates and is included in the GeneAmp@ kits (obtained 
from Perk&Elmer Cetus, Norwalk, Corm. and Emeryville, 
Calif.), and 125 pmole of each oligonucleotide primer, to a 
linal volume of 50~1. The reaction mixture is overlayed with 
35 ,uI mineral oil. The reaction is denatured for 5 minutes at 
100° C., placed briefly OLI ice, aud then 1 ,~l Thermr~.v 
aquoticus (Taq) DNA polymerase (5 unitsld, purchased 
from Perkin-Elmer Cetus, Norwalk, CT and Emeryville, 
Calif.) is added below the mineral oil layer. The reaction 
mixture is then inserted into a DNA Thermal Cycler 
(purchased from Perkin-Elmer Cetus) programmed as fol- 
lows: 2 min. at 55” C., then 30 sec. at 72” C., then 19 cycles 
of the following: 30 sec. at 94” C., 30 sec. at 5.5’ C., and 30 
sec. at 72” C. 

At the end of the program, the reaction vial is removed 
from the thermal cycler and the aqueous phase transferred to 
a new vial, extracted with phenol/chloroform (5O:SO:vol), 
and ethanol precipitated, and the DNA is recovered by 
standard procedures. This material is subsequently subjected 
to the appropriate treatments for insertion into a vector. 

Another method for preparing variants, cassette 
mutagenesis, is based on the technique described by Wells et 
al. (Gene. 34: 315 r19851). The startine material is the 
plasmid (or other vecior) c&prising the &get pOlypeptide 
DNA to be mutated. The codon in the target polypeptide 
DNA to be mutated are identihed. There must be a unique 
restriction endonuclease site on each side of the identified 
mutation site(s). If no such restriction sites exist, they may 
be generated using the above-described oligonucleotide- 
mediated mutagenesis method to introduce them at appro- 
priate locations in the target polypeptide DNA. After the 
restriction sires hdve been inlroduced into the plasmid, the 
plasmid is cut at these sites to linearize it. Adouble-stranded 
oligonucleotide encoding the sequence of the DNAbetween 
the restriction sites but containing the desired mutation(s) is 
synthesized using standard procedures. The two strands are 
synthcsizcd separately and then hybridized together using 
standard techniques. This double-stranded oligonucleotide is 
referred to as the cassette. This cassette is designed to have 
3’ and 5’ ends that are compatible with the ends of the 
linearized plasmid, such that it can be directly ligated to the 
plasmid. This plasmid now contains the mutated targei 
polypeptide DNA sequence. 
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Insertion of DNA into a Cloning Vehicle 

The cDNAor genomic DNAencoding the target polypeg- 
tide is inserted into a replicable vector for fur&e; c&&g 
(amulification of the DNA1 or for exoression. Manv vectors 
are ‘available, and selection of the appropriate vector will 
depend on 1) whether it is to be used for DNA amplification 
or for DNAexpression, 2) the size of the DNAto be inserted 
into the vector, and 3) the host cell to be transformed with 
the vector. Each vector contains various components 
depending on its function (amplification of DNA or expres- 
sion of DNA) and the host cell for which it is compatible. 
The vector components generally include, but are not lim- 
ited to, one or more of the following: a signal sequence, an 
origin of replication, one or more marker genes, an enhancer 
element, a promoter, and a transcription termination 
sequence. 

(a) Signal Sequence Component 
In general, the signal sequence may be a component of the 

vector, or it may be a part of the target polypeptide DNA that 
is inserted into the vector. 

The target polypcptidcs of this invention may bc 
expressed not only directly, but also as a fusion with a 
heterologous polypeptide, preferably a signal sequence or 
other polypeptide having a specific cleavage site at the 
N-terminus of the mature protein or polypeptide. In general, 
the signal sequence may be a component of the vector, or it 
may be a part of the target polypeptide DNA that is inserted 
into the vector. Included within the scope of this invention 
are target polypeptides with any native signal sequence 
deleted and replaced with a hetemlogous signal sequence. 
The heterologous signal sequence selected should be one 
that is recognized and processed (i.e. cleaved by a signal 
peptidase) by the host cell. For prokaryotic host cells that do 
not recognize and process the native target polypeptide 
signal sequence, the signal sequence is substituted by a 
pmkaryotic signal sequence selected, for example, from the 
group of the alkaline phosphatase, penicilhnase, Ipp, or 
heat-stable enterotoxin II leaders. For yeast .secretion the 
native target polypeptide signal sequence may be substimted 
by the yeast invertase, alpha factor, or acid phosphatase 
leaders In mammalian cell expression the native signal 
sequence is satisractory, although other mammalian signal 
sequences may be suitable. 

(b) Origin of Replication Component 
Both expression and cloning vectors contain a nucleic 

acid sequence that enables the vector to replicate in one or 
more selected host cells. Generally, in cloning vectors this 
sequence is one that enables the vector to replicate indepen- 
dently of the host chromosomal DNA, and includes origins 
of replication or autonomously replicating sequences. Such 
sequences are well known Car a variety of bacteria, yeast, 
and viruses. The origin of replication from the plasmid 
pBR322 is suitable for most Gram-negative bacteria, the @ 
plasmid origin is suitable for yeast, and various viral origins 
(SV40, polyoma, adenovirus, VSV or BPV) are useful for 
cloning vectors in mammalian cells. GeneroIly, the origin of 
replication component is not needed for mammalian expres- 
sion vectors (the SV4O origin may typically be used only 
because it contains the early promoter). 

hlost expressionvectors are “shuttle” vectors, i.e. they are 
capable of replication in at least one class of organisms but 
can bc transfccted into another organism for cxprcssion. For 
example, a vector is cloned in I?. coli and then the same 
vector is transfected into yeast or mammalian cells for 
expression even though it is not capable of replicating 
independently of the host cell chromosome. 

DNA may also be amplified by insertion into the host 
genome. This is readily accomplished using Bacillus species 
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as hosts, for example, by including in the vector a DNA 
sequence that IS complementary to a sequence found in 
Bacillus gcnomlc DNA. ‘liansfection of Bacillus with this 
vector results in homologous recombination with the 
genome and insertion of the target polypeptide DNA. s 
However, the recovery of genomic DNAencoding the target 
polypcptidc is more complex than that of an cxogenously 
replicated vector because restriction enzyme digestion is 
required to excise the target polypeptide DNA. 

(c) Selection Gene Component 10 
Expression and cloning vectors should contain a selection 

gene, also termed a selectable marker. This gene encodes a 
protein necessary for the survival or growth of transformed 
host cells grown in a selective culture medium. Host cells 
not transformed with the vector containing Ihe selection IS 
gene wdl not survive in the culture medium. Typical selec- 
tion genes encode proteins that (a) confer resistance to 
antibiotics or other toxins, e.g. ampicillin, neomycin, 
methotrexate, or tetracycline, (b) complement auxotrophic 
deficiencies, or (c) supply critical nutrients not available 20 
from complex media, e.g. the gene encoding D-alanine 
racemase for Bacilli. 

One example of a selection scheme utilizes a drug to 
arrest growth of a host ~~11. Those cells that are successfully 
transformed with a heterologous gene express a protein 2s 
conferring dmg resistance and thus survive the selection 
regimen. Examples of such dominant selectionuse the drugs 
neomycin (Southern et al., J. MoZrc. Appl. Genef., 1: 327 
[lY82]), mycophenolic acid (Mulligan et al., Science, WY: 
1422 [1980]) or hygromycin (Sugden et al., Mol. CeZl. Biol., 31) 
5: 410-413 [1985]). The three examples given above 
employ bacterial genes under eukaryotic control to convey 
resistance to the appropriate drug G418 or neomycin 
(geneticin), xgpt (mycophenolic acid), or hygromycin, 
respectively. 35 

Another example of suitable selectable markers for mam- 
malian cells ate those that enable the identitication of ceils 
competent to take up the target polypeptide nucleic acid, 
such as dihydrofolate reductase (DHFR) or thymidine 
kinase. The mammalian cell transformants are placed under -10 
selection pressure which only the transEormar&are uniquely 

, adapted to survive by virtue of having taken up the marker. 
Selection pressure is imposed by culturing the transformants 
under cunditions in which the concentration of selection 
agent in the medium is sucL=ssively changed, thereby lead- 

s ing to amplification of both the selection gene and the DNA 
that encodes the target polypeptide. Amplification is the 
process by which genes in greater demand for the production 
of a protein critical for grouti are reiterated in tandem 
within the chromosomes oC successive generations of 
recombinant cells. Increased quantities of the target 
polypzptide are synthesized fmm the amplified DNA. 

For example, cells transformed with the DHFR selection 
gene are first identified by culturing all of the transformants 
in a culture medium that contains mcthotrexate (Mtx), a 
competitive anlagonisl of DHFR. An appropriate hcst cell 
when wild-type DHFR is employed is the Chinese hamster 
ovary (CHO) cell line deficient in DHFR activity, prepared 
and propagated as described by Urlaub and Chasin, Proc. 
NufZ. Acad. Sci. USA, 77: 4216 [1980]. The transformed 
sells are then exposed to increased levels of methotrexate. 
This leads to the synthesis of multiple copies of the DHFR 
gene, and, concomilantly, multiple copies of other DNA 
comprising the expression vectors, such as the DNA encod- 
ing the target polypeptide. This amplification technique can 
be used with any otherwise suitable host, e.g., Al’CC No. 
CCL61 CHO-Kl, notwithstanding the presence of endog- 

32 
enous DHFR if, for example, a mutant DHFR gene that is 
highly resistant to Mtx is employed (EP 117,060). 
Alternatively, host cells (particularly wild-type hosts that 
contain endogenous DHFR) transformed or co-transformed 
with DNAsequcnces encoding the target polypeptide, wild- 
type DHFR protein, and another selectable marker such as 
aminoglycoside 3’ phospbotransferase (APH) can be 
selected by cell growth in medium containing a selection 
agent for the selectable marker such as an aminoglycosidic 
antibiotic, e.g., kanamycin, neomycin, or G418. See U.S. 
Pat. No. 4,965,199. 

A suitable selection gene for use in yeast is the trpl gene 
present in the yeast plasmid 12~7 (Stinchcomb et al., 
Nafure, 282: 39 [1979]; Kingsman et al., Gene, 7: 141 
[1979]; or Tschemper et al., Gaze, IO: 157 [1980& The lrpl 
gene provides a selection marker for a mutant strain of yeast 
lacking the ability to grow in tryptophan, for example, 
ATCC No. 44076 or PEP41 (Jones, Genetin, 8.5: 12 
[1977]). The presence of the trpl lesion in the yeast host cell 
genome then provides an effective environment for detecting 
transformation by growth in the absence of tryptnphan. 
Similarly. Leu2-deficient yeast strains (ATCC 20,622 or 
38,626) are complemented by known plasmids bearing the 
Leu2 gene. 

(d) Promoter Component 
Expression and cloning vectors usually contain a pro- 

moter that is recognized by the host organism and is oper- 
ably linked Lo the target polypepdde nucleic acid. Promoters 
are untranslated sequences located upstream (5’) to the start 
codon of a structural gene (generally within about 100 IO 
loo0 bp) that control the transcription and translation of a 
particular nucleic acid sequence, such as that encoding the 
target polypeptidc, to which they are operably linked. Such 
promoters typically fall into two classes, inducible and 
constitutive. Inducible promoters are promoters that initiate 
increased levels of transcription from DNA under their 
control in response to some change in culture conditions, 
e.g. the presence or absence of a nutrient or a change in 
temperature. At this time a large number of promoters 
recognized by a variety of potential host cells are well 
known. These promoters are operably linked to DNAencod- 
ing the target polypeptide by removing the promoter from _ the source DNA by restriction enzyme digestion and msert- 
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6.5 

ing the isolated promoter seqnencd into the vector. Both the 
native target polypeptide promoter sequence and many 
hctcrologous promoters may be used to direct amplification 
and/or expression of the target polypeptide DNA. However, 
heterologous promoters are preferred, as they generally 
permit greater transcription and higher yields of expressed 
target polypeptide as compared to the native target polypep- 
tide promoter. 

Promoters suitable for use with prokaryotic hosts include 
the fi-lactamase and lactose promoter systems (Chang et al., 
Nature, 275: 61.5 [1978]; and Goeddel et al., Nafure, 281: 
544 [19793), alkaline phosphatasc, a tryptophan (trp) pro- 
moter system (Goeddel, NkcleicAcids Rm, 8: 4057 [1980] 
and EP 36,776) and hybrid promoters such as the tat 
promoter (deBoer et al., Proc. NatZ. Acad. Sci. USA, 80: 
21-25 [19831). However, other known bacterial promoters 
are suitable. Their nucleotide sequences have been 
published, thereby enabling a skilled worker operably to 
ligate them to DNA encoding the target polypeptide 
(Siebenlist et al., Cell, 20: 269 [198OD using linkers or 
adaptors to supply any required restriction sites. Promoters 
for tEe in bacterial systems also generally will contain a 
Shine-Dalgamo (S.D.) sequence operably linked to the DNA 
encoding the target polypeptide. 
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Suitable promoting sequences for use with yeast hosts 
include the promoters for 3-phoaphoglycerate kmase 
(Hitzeman et al.,J. Biol. C&m., 255: 2073 [1980j) or other 
glycolytic enzymes (Hess et al ,J. Adv Enzyme Reg., 7: 149 
[1968]; and Holland, Biochemistry, 17: 4900 [197SD, such 
as enolase, glyceraldehydc-3-phosphate dehydrogeoase, 
hexokinase, pyruvale clecatboxylase, phosphofructokinase, 
glucose-h-phosphate isomerase, 3-phosphoglycerate 
mutase, pyruvate kinase, ttiwephosphate isomerasc, pho.+ 
phoglucose isomerase, and glucokinase. 

Other yeast promoters, which are inducible promoters 
having the additional advantage of transcription controlled 
by growth conditions, are the promoter regions for alcohol 
dehydrogenase 2, isocytochrome C, acid phosphatase, deg- 
radative enzymes associated with nitrogen metabolism, 
metallothionein, glyceraldehyde-3-phosphate 
dehydrogenase, and enzymes responsible for maltose and 
galactose utilization. Suitable vectors and promoters for use 
in yeast expression are further described in Hitzeman et al., 
EP 73,657A. Yeast enhancers also are advantageously used 
with yeast promoters. 

Promoter sequences are known for eukaryotes. Virtually 
all eukaryotic genes have an N--rich region located approxi- 
mately 25 to 30 bases upstream from the site where tran- 
scription is initiated. Another sequence found 70 to 80 bases 
upstream from the start of transcription of many genes is a 
CXCMT region where X may be any mtcleotidz. At the 3’ 
end of most eukaryotic genes is an AAT&%4 sequence that 
may be the signal for addition ol the polyAtai1 to the 3’ end 
of the coding sequence. All of these sequences are suitably 
inserted into mammalian e.xpression vectors. 

Target polypeptide transcription from vectors in mamma- 
lian host cells is controlled by promoters obtained from the 
genomcs of viruses such as polyoma virus, fowlpox virus 
(UK 2,211,504 published Jul. 5, 1989), adenovirus (such as 
Adenovims 2), bovine papilloma virus, avian sarcoma virus, 
cytomegalovirus, a retrovirns, hepatitis-B virus and most 
preferably Simian Virus 40 (SV40), from heleroloyous 
mammalian promoters, e.g. the actin promoter or an immu- 
uoglohulin promoter, from heat-shock promoters, and from 
the promoter normally associated with the target polypeptide 
sequence, provided such promdters are compatible with the 
host cell systems. 

The early and late promoters of the SV40 virus are 
conveniently obtained as an SV40 restriction fragment that 
also contains the SV40 viral origin of replication. Fiers et al., 
h?hture, 273: 113 (1978); Mulligarh and Berg, Science, 209: 
1422-1427 (1980); Pavlakis et al., Pruc. Nnfl. Acrid. Sri. 
UsA, 78: 7398-7402 (1981). The immediate early promoter 
of the human c?omegalovirus is conveniently obtained as a 
Hind111 E reslrlclion fragment. Greenaway et al., G’me, 18: 
3.55-360 (lY82). Asystem for expressin? DNAin mamma- 
lian hosts using the bovine papilloma vuus as a vector is 
disclosed in U.S. Pat. No. 4,419,446. A modification of this 
sysbm is described in U.S. Pat. No. 4,601,978. See also 
Gray et al., Nafure, 295: 503-508 (1982) on expressing 
cDNA encoding immune interferon in monkey celb; , Reyes 
et al., Nature, 297: 598-601 (1982) on expression of human 
p-interferon cDNA in mouse cells under the control of a 
thvmidine kinase promoter from herpes simplex virus, 
Canaani and Berg, Proc. Nafl. Acnd. Sci. USA, 79: 
5166-5170 (1952) on expression of the human interferon 61 
gene in cultured mouse and rabbit cells, and German et al., 
Pmt. Nutl. Acad. Sci. USA, 79: 6777-5781 (1982) on 
expression of bacterial CAT sequences in CV-1 monkey 
kidney ceILs, chicken embryo fihrohlssts, Chinese hamster 
ovary cells, HeLa cells, and mouse NIH-31’3 cells using the 
Rous sarcoma virus long terminal repeat as a promoter. 

(c) Enhancer Element Component 
Tranxrintion of DNA encoding the target polyp&de of 

this invention by higher eukary&s is o?tei &e&d by 
inserting an enhancer sequence into the vector. Enhancers 

5 are &-acting elements of DNA, usually about from 10-300 
bp, that act OD a promoter to increase its transcription. 
Enhancers are relatively orientation and position indepen- 
dent having been found 5’ (Laimins et al., Proc. Narl. Acad. 
Sci. VSA, 78: 993 [198iJ) and 3’ (Lusky et al., Mol. Cell 

.^ Bio., 3: 1108 r19sn to the transcription unit, within an 
l” in&n (Banerjikt al.,“CelZ, 33: 729 [1!%3]) as wdll as within 

the coding seauence itself (Osborne et al.. Mol. Cell Bio.. 
4:1293 [l&4$. Many enhancer sequences are now kno& 
from mammalian genes (globin, elastase, albumin, 
a-fetoprotein and insulin). Typically, however, one will use 

I5 an enhancer from a cukaryotic cell virus. Examples include 
the SV40 enhancer OII the late side of the replication origin 
(bp lOO-270), the cytomegalovirus early promoter enhancer, 
the polyoma enhancer on the late side of the replication 
origin, and adenovirus enhancers. See also Yaniv, Nnmre, 

20 297: 17-18 (1982) on enhancing elements for activation of 
eukaryotic promoters. The enhancer may be spliced into the 
vector at a position 5’ or 3’ to the target polypeptide DNA, 
but is preferably located at a site 5’ from the promoter. 

(t) Transcription Termination Component 
25 Expression vectors used in eukaryotic host cells (yeast, 

fungi, imect, plant, animal, human, or mlcleated cells from 
other multicellular organisms) will also contain sequences 
necessary for the termination of tmW.Ztiption and For stabi- 
lizing the mRNA. Such sequences aTe commonly available 

30 from the 5’ and, occasionally 3’ untranslated regions of 
eukaryotic or viral DNAs or cDNAs. These regions contain 
nucleotide segments transcribed as polyadenylated frag- 
ments in the untranslated portion of the mRNA encoding the 
target polypeptide. The 3’ untranslated regions also include 

35 transcription termination sites. 
Construction of suitable vectors containing one or more of 

the above listed components the desired coding and control 
sequences employs standard ligation techniques. Isolated 
plasmids or DNA fragments are cleaved, tailored, and reli- 

40 gated in the form desired to generate the plasmids required. 
For analysis to confirm correct sequences in plasmids 

constructed, the ligation mixtures are used Lo transform E. 
coli K12 strain 294 (ATCC 31,446) and successfill transfor- 
mants selected by ampicillin or tetracycline resistance where 

45 appropriate. Plasmids from the transformants are prepared, 
analyzed by rcstricticm cndonuclcase digestion, and,‘or 
sequenced by the method of Messing et al., Nucleic Acids 
Res., 9: 309 (1981) or by the method of Maxam et al., 
Methook in Enzmology, 65: 499 (1980). 

50 Particularly useful in the practice of this invention are 
expression vectors that provide for the transient expression 
in mammalian celb of DNAencoding the target polypeptide. 
In general, transient expression involves the use of an 
expression vector that is able to replicate efliciently in a host 

55 cell, such that the host cell accumulates many copies of the 
expression vector and, in turn, synthesiy&s high levels of a 
desired polypeptide encoded by the expression vector. Tran- 
sient expression systems, comprising a suitable expression 
vector and a host cell, allow for the convenient positive 

60 identification of polypeptides encoded by cloned DNAs, as 
well as for the rapid screening of such polypeptides for 
desired biological or physiological properties. Thus, tran- 
sient expression systems are particularly useful in the inven- 
tion for purposes of identifying analogs and variants of the 

65 target polypeptide that have target polypepticie-like activity. 
Other methods, vectors, and host cells suitable for adap- 

tation to the synthesis of the target polypeptide in recombi- 
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nant vertebrate ccl1 culture arc described in Gething et al., 
Nutrrre, 293 62062.5 [1981]; Mantei et al., h’dfure, 281: 
40-46 [197Y]; Levinson et al.; EP 117,060; and EP 117,058. 
A particularly useful plasmid for mammalian cell culture 
expression of the target polypeptide is pRK5 (EP pub. no. 
307,247) or pSVI6B. 
Selection and Transformation of Host Cells 
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Suitable host cells for cloning or expressing the vectors 
herein are the prokaryote, yeast, or higher eukatyote cells 
described above. Suitable prokaryotes include eubacteria, 
such as Gram-negative or Gram-positive organisms, for 
example, E. c&i, Bacilli such as B. subtiizk, Pseudomonas 
species such as P neruginosa, Salmonella ~yphitnurium, or 
Serrutia marcceseans. One preferred E. coii cloning host is E. 
coli 294 (ATCC 31,446), although other strains such as E. 
colt’ B, E coli x1776 (ATCC 31,.537), and E. coli W3110 
(ATCC 27,325) are suitable. These examples are illustrative 
rather than limiting. Preferably the host cell should secrete 
minimal amounts of proteolytic enzymes. Alternatively, in 
vitro methods of cloning, e.g. PCR or other nucleic acid 
polymerase reactions, are suitable. 

IO 
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rium Agrobacterium fumefnciens, which has been previ- 
ously manipulated to contain the target polypeptide DNA. 
During incubation of the plant cell culture with A. 
htmefaciens, the DNA encoding target polypeptide is trans- 
ferred to the plant cell host such that it is transfeetcd, and 
will, under appropriate conditions, express the target 
polypeptide DNA. In addition, regulatory and signal 
sequences compatible with plant cells are available, such as 
the nopalinc synthase promoter and polyadenylation signal 
sequences. Depicker et al.,J. Mol.Appl. Gen., 1: 561(1982). 
In addition, DNA segments isolated from the upstream 
region of the ‘T-DNA 780 gene are capable of activating or 
increasing transcription levels of plant-expressible genes in 
recombinant DNA-containing plant tissue. See EP 321,196 
published Jun. 21, 1989. 

20 

Iu addition to prokaryotes, eukaryotic microbes such as 
filamentous fungi or yeast are suitable hosts for target 
polypeptide-encoding vectors. Succharomyces cerevisiue, or 
common baker’s yeast, is the most commonly used among 
lower eukaryotic host microorganisms. However, a nuntber 
of other genera, species, and strains are commonly available 
and useful herein, such as Schizo.s~cc1zuramyce.s pombe 
[Beach and Nurse, IVurure, 290: 140 (1981); El’ 139,383 
published May 2, 198.51, Kluyveromyces hosts (U.S. Pat. 
No. 4,943,529) such as. e.g., K. Zucti.s [Louvencourt et al.,J. 
Rncteriol., 737 (1983)], K. ftwgiIi.s, K. bulgaricus, K. 
themtotolerans, and K. maraianus, yarrowia [EP 402,226), 
Pichia pas~oris [EP 183,070; Sreektishna et al., J Basic 
MicrobioL, 28: 265-278 (1988)], Candida, Trichodertna 
reesia [EP 244,234], ~Vc~rosporu crassa [Case et al., Proc. 
Nutl. Acud. Sci. USA, 76: X259-5263 (1979)], and tilamen- 
tous fungi such as, e.g, Neurospora, Penicillium, ‘Tolypocla- 
dium [WO 91/00357published Jan. IO, 19911, and Aspergil- 
lus hosts such as ,1. nidulans [Ballance et al., &o&m. 
Bioyhys. Res. Cornmurr., 112: 284289 (1983); Tilbum et al., 
Gene, 26: 205-221 (1983); Yelton et al., Proc. Natl. Acad. 
Sci. USA, 81: 1470-1474 (1984)] and A. niger [Kelly and 
Hynes, EMBO J. 4: 475-479 (1985)]. 

7s 
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However, interest has been greatest in vertebrate cells. 
and propagation of vertebrate cells in culture (tissue culture) 
has become a routine procedure in recent years [Z?ssue 
Culture, Academic Press, JSruse and Patterson, editors 
(1973)]. Examples of useful mammalian host cell lines are 
monkey kidney CVl line transformed by SV40 (CGS-7, 
ATCC CRL 1651); human embryonic kidney line (293 or 
293 cells subcloned for growth in suspension culture, Gra- 
ham et al., J. Gen ViroLI 36: 59 [1977J); baby hamster 
kidney cells (BHK, KrCC CCL 10); Chinese hamster ovary 
cells:-DHFR (CHG, Urlaub and Chasm Ptvc. Xatl. Acad. 
Sci. USA, 77: 4216 [1980D; mouse sertoli cells (TM4, 
Mather,BioZ. Reprod., 23: 243-‘251[198Oj); monkey kidney 
cells (CVl ATCC CCL 70); African green monkey kidney 
cells (VERO-76, ATCC CRL-1587); human cervical carci- 
noma cells (I-IELA AfCC CCL 2): canine kidney cells 
(MDCK, ATCC CCL 34); buffalo rat liver cells (BRL 3A, 
ATCC CRL 1442); human lung cells (Wl38. ATCC CCL 
75); human liver cells (Hep G2, HB 8065); mouse mammary 
tumor (MMT 060562, ATCC CCLSI); TRI cells (Mather et 
al., AnnaD- 1V.I: Acod. Sci., 383: 4468 [1982D; MRC 5 
cells; FS4 celLs; and a human hepatoma cell line (Hep G2). 
Preferred host cells are human embryonic kidney 293 and 
Chinese hamster ovary cells. 

10 

Suitable host cells for the expression of glycusylated 
target polppeptide are derived from multicellular organisms. 
Such host cells are capable of complex processing and 
glycosylation activities. Jn principle, any higher eukaryotic 
cell culture is workable, whether from vertebrate or inver- 
tebrate culture. Examples of invertebrate cells include plant 
and insect cells. Numerous baculoviral strains and variants 
and corresponding permissive insect host cells from hosts 
such as Spodopteru fiugiperdu (caterpillar), Acdes aegypti 
(mosquito),Aedes albopictus (mosquito), Drosophila mela- 
nogaster [fruittly), and Bomb.yx mori host cells have been 
identifted. See, e.g., Iltckow et al., Bio/TechnoZogy 6: 47-55 
(1988); Miller et al., in Genetic Engineering, Setlow, J. K. 
et al., eds., Vol. 8 (Plenum Publishing, 1986), pp. 277-279; 
and Maeda et al., Nature, 315: 592-594 (1985). Avariety of 
such viral strains are publicly available, e.g., the L-l variant 
of Autographa californica NPV and the Bm-S strain of 
Bombyx mori NPV, and such viruses may be used as the 
virus herein according to the present invention, pnrticularly 
for transfection of Spodopreru frug@zr& cells. Plant cell 
cultures of cotton, corn, potato, soybean, petunia, tomato, 
and tobacco can be utilized as hosts.‘&Pically, plant cells are 
transfected by incubation with certain strains of the bacte- 

45 

Host cells are transfected and preferably transformed with 
the above-described expression or cloning vectors of this 
invention and cultured in conventional nutrient media modi- 
fied as appropriate for inducing promoters, selecting 
transformants, or amplifying the genes encoding the desired 
sequences. 

50 

Transfection refers to the taking up of an expression 
vector by a host cell whether or not any coding sequences 
are in fact expressed. Numerous methods of transfection are 
known to the ordinarily skilled artisan, for example, CaPG, 
and electroporation. Successful transfection is generally 
recognized when any indication of the operation of this 
vector occurs within the host cell. 

55 
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Transformation means introducing DNAinto an organism 
so that the DNA is replicable, either as an extrachromosomal 
element or by chromosomal intcgrant. Depending on the 
host cell used, transformation is done using standard tech- 
niques appropriate to such cells. The calcium treatment 
employing calcium chloride, as described in section 1.82 of 
Sambrook et al., supra, is generally used for prokaryotes or 
other cells that contain substantial cell-wall barriers. Infec- 
tion with Agrobacterium tumefaciens is used for transfor- 
mation of certain plant cells, as described by Shaw et al., 
Gene, 23: 315 (1983) and WO 89/05859 published Jun. 29, 
1989. For mammalian cells without such cell walls, the 
calcium phosphate precipitation method described in sec- 
tions 16.30-16.37 of Sambrook et al, supra, is preferred. 
General aspects of mammalian cell host system uansforma- 

36 
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tions have been described by AxeI in U.S. Pat. No. 4,399,216 to avidin or antibodies, which may be labeled with a wide 
issued Aug. 16, 1983. Transformations into yeast are lypi- variety of labels, such as radionuclides, fluorescers, 
tally carried out according to the method of Van Solingen et enzymes, or the like. Alternatively, antibodies may be 
al., J. Bncf., 130: 946 (1977) and Hsiao et al., Proc. Nutl. employed that can recognize specific duplexes, including 
Acad. Sci. (USA), 76: 3829 (1979). H owever, other methods s DNA duplexes, RNA duplexes, and DNA-RNA hybrid 
for introducing DNA into cells such as by nuclear injection, duplexes or DNA-protein duplexes. The antibodies in turn 
clcctroporation, or protoplast fusion may also be used. may be labeled and the assay may be carried out where the 
Culturing the Host Cells duplex is bound to a surface, so that upon the formation of 

Prokaryotic ~11s used to produce the target polypeptide of duplex on the surface, the presence of antibody bound to the 
this invention are cultured in suitable media as descriied IO duplex can be detected. 
generally in Sambrook et al., supra. Gene expression, alternatively, may he measured by 

The mammalian host cells used to produce the target immunological methods, such as immunohistochemical 
polypeptide of this invention may be cultured in a variety of staining of tissue sections and assay of cell culture or body 
media. Commercially available media such as Ham’s F10 fluids, to quantitate directly the expression of gene product. 
(Sigma), Minimal Essential Medium ([MEM], Sigma), 1s With immunohistochemical staining techniques, a cell 
RPMl-1640 (Sigma), and Dulbecco’s Modified Eagle’s sample is prepared, typically by dehydration and fixation, 
Medium @MEM], Sigma) are suitable for culturing the followed by reaction with labeled antibodies specific for the 
host cells. In addition, any of the media described in Ham gene product coupled, where the labels are usually visually 
and Wallace, ,Merh Enz., 58: 44 (1979), Barnes and Sato, detectable, such as enzymatic labels, fluorescent labels, 
Anal. Biochem, 102: 255 (198(J), U.S. Pat. Nos. 4,767,704; 20 luminescent labels, and the like. A particularly sensitive 
4,657,866; 4,927,762; or 4,560,655; WO 90103430; WO staining technique suitable for use in the present invention is 
87/00195; U.S. Pat. No. Rc. 30,985, may be used as culture described by Hsu et al., Am. J. Clin. Path., 75: 734-738 
media for the host cells. Any of these media may be (1980). 
supplemented as necessary with hormones and/or olher Aniihodies useful for immunohistochemical staining and! 
growth factors [such as insulin, transfer& or cpidermal 25 or assay of sample fluids may be either monoclonal or 
growth factor), salts (,such as sodium chloride, calcium, polycloual, and may he prepared in any mammal. 
magnesium, and phosphate), buffers (such as HEPES), Conveniently, the antibodies may be prepared against a 
nucleosides (such as adencsine and thymidine), antibiotics native Larget polypeptide or against a synthetic peplide based 
(such as Gentamy&‘“” drug), trace elements (defined as on the DNA sequences provided herein as described further 
inorganic compounds usually present at final concentrations 30 in Section 4 below. 
in the micromolar range), and glucose or an equivalent Purification of the Target Polypeptide 
energy source. Any other necessary supplements may also The target polypeptide preferably is recovered from the 
be included at appropriate concentrations that would be culture medium as a secreted polypeptide, although it also 
known to those skilled in the art. The culture conditions, may be TeCOVeTed from host cell lysates when directly 
such as temperature, pH, and the like, arc those previously 3s expressed without a secretory signal. 
used with the host cell selected for expression, and will be When the target polypeptide is expressed in a recombi- 
apparent to the ordinarily skilled artisan. nant cell other than one of human origin, the target l~olyl~q~- 

The host cells referred to in this disclosure encompass tide is completely free of proteins or polypeptides of human 
cells in in vitro culhuc as well as cells that are within a host origin. &nvevcr, it is necessary to purify the target polypep- 
animal. 40 tide from recombinant cell proteins or polypeptides to obtain 

It is further envisioned that the target polylleptides of this preparations that are substantially homogeneous as to the 
invention may be produced by homologous recombination, target polypeptide. As a first step, the culture medium or 
or with recombinant production methods utilizing control lysate is centrifuged to remove particulate cell debris. The 
elements introduced into cells already containing DNA membrane and soluble protein fractions arc then separated. 
encoding the target polypeptide currently in use in the field. 45 The target polypeptide may then be purified from the soluble 
For example, a powertil promoter/enhancer element, a protein fraction and from the membrane ffaction of the 
suppressor, or an exogenous transcription modulatory ele- culture lysate, depending on whether the target polypeptide 
merit is inserted in the genome of the intended host Cell in is membrane bound. The following procedures are exem- 
proximity and orientation sufficient to influence the lran- plary of suitable purification procedures: fractionation on 
scription of DNA encoding the desired target polyl)eptide. 50 immuuoaffinity or ion-exchange columns; ethanol precipi- 
‘fie control element does not encode the target polypeptide tation; reverse phase HPLC, chromatography on silica or on 
of this invention, hut the DNA is present in the hosf cell a cation exChange resin such as DEAJZ; chromatofocusing; 
genome. One next screens for cells making the target SDS-PAGE, ammonium sulfate precipitation; gel filtration 
polypeptide of this invention, or incteased or decreased using, for example, Sephadex G-75; and protein A 
levels of expression, as desired. 55 Scpharose columns to remove contaminants such as IgG. 
Detecting Gene AmplificationiExpression Target polypeptide variants in which residues have been 

Gene amplification and/or expression may be measured in deleted, inserted or substituted arc recovered in the same 
a sample directly, for example, by conventional Southern fashion, taking account of any substantial changes in prop- 
blotting, northern blotting to qu‘antitatc the transcription of ertics occasioned by the variation. FOT example, preparation 
mRNA(Thomas,Proc. Nnt/.Acnd. Sci LSA. 77: 5201-5205 60 of a target polypeptide fusion with another protein or 

[1980]), dot blotting (DNA analysis), or in situ polypeptide, e.g. a bacterial or viral antigen, facilitates 
hybridization, using an appropriately labeled probe, based purficalion; an immunoaffinity column containing antibody 
on the sequences provided he&n. Various labels may bc to the antigen (or containing antigen, where the target 
employed, most commonly radioisotopes, particularly 32P. polypeptide is an antibody) can be used to adsorb the fusion. 
However, other techniques may also be employed, such as 6s Immunotinity columns such as a rabbit polyclonal anti- 
using biotin-modified nucleotides for introduction into a target polypeptide column can be employed to absorb the 
polyunclcotide. The biotin then serves as the site for binding target polypcptide variant by binding it to at least one 
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remaining immune epitope. A protease inhibitor such as N=C=N-R’), where R and R’ are different alkyl groups, 
phenyl methyl sulfonyl fluoride (PMSF) also may be useful such as 1 -cyclohexyl-3-(2-morpholinyl-4-ethyl) 
to inhibit proteolytic degradation during puritication, and carbodiimide or l-ethyl-3-(4-azonia-4,4-dimethylpentyl) 
antibiotics may be included to prevent the growth of advcn- carbodiimide. Furthermore, aspartyl and glutamyl residues 
titious contaminants. One skilled in the art will appreciate s are converted to asparaginyl and glutaminyl residues by 
that purification methods suitable for native target polypep- reaction with ammonium ions. 
tide may require modification to account for changes m the Dcrivatization with bifunctional agents is useful for 
character of the target polypeptide or its variants upon crosslinking target polypeptide to a water-insoluble support 
expression in recombinant cell culture. matrix or surface for use in the method for purifying 
Covalent Modifications of Target Polypeptides 10 anti-target polypeptide antibodies, and vice versa. Com- 

Covalent modillcations of target polypeplicles are manly used crosslinking agents include, e.g., l,l-bis 
included within the scope of this invention. One type of (diazoacetyl)-2-phenylethane, glutaraldehyde, 
covalent modiEcat.ion included within the scope of this N-hydroxysuccinimide esters: for example, esters with 
invention is a target polypeptide fragment. Target polypep- 4-azido-salicylic acid, homobifunctional imidoesters, 
tide fragments having up to about 40 amino acid restdues IS including disuccinimidyl esters such as 3,3’-dithiobis 
may bc conveniently prepared by chemical synthesis, or by (succinimidglpropionatc), and bifunctional maleimides such 
enzymatic or chemical cleavage of the f&length target as his-N-maleimido-l&octane. Derivatizing agents such as 
polypcptide or variant target polypeptide. Other types of methyl-3-[(p-azidophcnylj-dithio~ropioimidatc yield pho- 
covalent modifications of the target polypeptide or frag- toactivatable intermediates that are capable of forming 
merits thereof are introduced into the molecule by reacting 20 crosslinks in the presence of light. Alternatively, reactive 
specific amino acid residues of the target polypeptide or water-insoluble matrices such as cyanogen bromide- 
fragments thereof with an organic derivatizing agent that is activated carbohydrates and the reactive substrates 
capable of reacting with selected side chains or the N- or described in U.S. Pat. Nos. 3,969,287; 3,691,016; 4,195, 
C-lerminal residues. 128; 4,247,642, 4,229,537; and 4,330,440 are employed for 

Cysreinyl residues most commonly are reacted with zs protein immobilization. 
cc-haloacetates (and corresponding amines), such as chlom- Glntaminyl and asparaginyl residues are frequently dea- 
acetic acid or chloroacetamide, to give carboxymethyl or midated to the corresponding glutamyl and aspartyl 
~arboxyamidomethyl derivatives. Cysteinyl restdues also residues, respectively. Alternatively, these residues are daa- 
are derivatizcd by reaction with bromotrifluoroacetone, midated under mildly acidic conditions. Bither form of these 
a-hromo-E-(S-imidozoyl)propionic acid, chloroacetyl 31) residues falls within the scope of this invention. 
phosphate, N-alkylmaleimides, 3-nitro-2-pyridyl disulfide, Other modifications include hydroxylation of proline and 
methyl Z-pyridyl disulEde, p-chloromercuribenzoate, lysine, phosphorylation of hydroxyl groups of seryl or 
2-chloromcrcuri-4-nitrophcnol, or chloro-7-nitrobenzo-Z- threonyl residues, methylation of the a-amino groups of 
oxa-1,3-diazole. lysine, arginine, and hi&dine side chains (T. E. Creighton, 

Histidyl residues are derivatized by reaction with dieth- 35 Proteim: Structure and Molecular Pruperties, W. II. Pree- 
ylpyrocarbonate at pH 5.5-7.0 because this agent is rela- man&Co., San Francisco, pp. 79-86 [1983]), acetylation of 
lively specitic for the histidyl side chain. Parabromopheoa- the N-terminal amine, and amidation of any C-terminal 
cyl bromide also is useful; the reaction is preferably carboxyl group. 
performed in 0.1 M sodium cacodylate at pH 6.0. Another type of covalent modification of the target 

Lvsinvl and amino terminal residues are reacted with 10 polvpeptide included within the scone of this invention 
succinic or other carboxylic acid anhydrides. Derivatization 
with these agents has the effect of reversing the charge of the 
lysinyl residues. Other suitable reagents for derivatizing 
a-amino-containing residues include imidoesters such as 
methyl picolinimidate; pyridoxal phosphate; pyridoxal; 45 
chloroborohydridc; trinitrobenzenesulfonic acid; 
0-methylisourea; 2,4-pentanedione; and transaminase- 
catalyzed reaction with glyoxylate. 

Arginyl residues are modified by reaction with one or 
several conventional reagents, among them phenylglyoxal, 50 
2,3-butanedione, l,&cyclohexanedione, and ninhydrin. 
Derivatization of arginine residues requires that the reaction 
be performed in alkaline conditions because of the high pK, 
of the guanidine functional group. Furthermore, these 
rcagcnts may react with the groups of lysine as well as the 55 
arginine epsilon-amino group. 

The specific modiEcation of tyrosyl residues may be 
made, with particular interest in introducing spectral labels 
into tyrosyl residues by reaction with aromatic diazonium 
compounds or tetranitromethane. Most commonly, 60 
N-acctylimidizoic and tetranitromethane are used to form 
0-acetyl tyrosyl species and 3-nitro derivatives, respec- 
tively. Tyrosyl residues are iodinated using “‘1 or ‘aa1 to 
prepare labeled proteins for use in radioimmunoassay, the 
chloramine T method described above being suitable. 65 

Carboxyl side groups (aspartyl or glutamyl) are selec- 
tively modified by reaction with carbodiimides (R’- 

. __ . 
comprises altering the native glycosylation pattern of the 
polypcptide. By altering is meant deleting one or more 
carbohydrate moieties found in the native target 
polypeptide, and/or adding one or more glycosylation sites 
that are not present in the native target polypeptide. 

Glycosylation of polypeptides is typically either N-linked 
or O-linked. N-linked refers to the attachment of the carbo- 
hydrate moiety to the side chain of an nsparagine residue. 
The tri-peptide sequences asparagine-X-serine and 
asparagine-X-threonine, where X is any amino acid except 
proline, are the recognition sequences for enzymatic attach- 
ment of the carbohydrate moiety to the a3paragine side 
chain. Thus, the presence of either of these tri-peptide 
sequences in a polypeptide creates a potential glycosylation 
site. O-linked glycosylation refers to the attachment of one of 
the sugars N-acetylgalactosamine, galactose, or xylose, to a 
hydroxyamino acid, most commonly serine or threonine. 
although 5hydroxyproline or 5-hydroxylysine may also be 
used. 

Addition of glycosylation sites to the target polypeptide is 
conveniently accomplished by altering the amino acid 
sequence such that it contains one or more of the above- 
described tri-peptide sequences (for N-linked glycosylation 
sites). The alteration may also be made by the addition of, 
or substitution by, one or more serine or threonine residues 
to the native target polypeptide sequence (for O-linked 
glycosylation sites). For ease, the target polypeptide amino 
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acid sequence is preferably altered through changes at the 
DNA level. particularly by mutatiug the DNAencoding the 
target polypeptide at preselected bases such that colons are 
generated that will translate into the desired amino acids. 
The DNA mutation(s) may be made using methods 5 
described above under the heading of “Amino Acid 
Sequence Variants of Trugel Polypepti>e”. 

Another means of increasing the number of carbohydrate 
moieties on the target polypeptide is by chemical or enzy- 
matic coupling of glycosides to the polypeptide. These ,. 
procedures are advantageous in that they do not require 
production of the polypeptide in a host cell that has glyco- 
sylation capabilities for N-and O-linked glycosylation. 
Depending on the coupling mode used, the sugar(s) may be 
attached to (a) arginine and hi&dine, (b) free carboxyl 
groups, (c) free sulfhydryl groups such as those of cysteine, j5 
(d) free hydroxyl groups such as those of serine, threonine, 
or hydroxyproline, (e) aromatic residues such as those of 
phenylalauine, tyrosine, or tryptophan, or (f) the amide 
group of glutamine. These methods are described in WO 
87/05330 published Sep. 11,1987, and in Aplin and Wriston zn 
(CRC Cd. Rev. Biochem., pp. 259-306 [198lD. 

Removal of carbohydrate moieties present on the native 
target polypeptide may be accomplished chemically or enzy- 
matically. Chemical deglycosylation requires exposure of 
the polypeptide to the compound trifluoromethanesulfonic zs 
acid, or an equivalent compound. This treatment results in 
the cleavage of most or all sugars except the linking sugar 
(N-acetylglucosamine or N-acetylgalactosaminc), while 
leaving the polypeptide intact. Chemical dcglycosylation is 
descriied by Hakimnddin et al. (Arch. Biochem. Biophys., 30 

25952 [1987D and by Edge et al. (Anal. Biochem., 118:131 
[19811). Enzymatic cleavage of carbohydrate moieties on 
polypcptides can be achieved by the use of a variety of endo- 
and exo-glycosidases as described by Thotakura et al. (Me&. 
Onzymol. 138:350 [1987]). 3s 

Glycosylation at potential glycosylation sites may be 
prevented by the use of the compound tunicamycin as 
described by Duskin et al. (J. Viol. C’hem., 25?:3105 
[1982j). Tudicamycin blocks the formation of protein-N- 
glycoside linkages. -10 

Another type of covalent modilication of the &get 
polypeptide comprises linking the target polypeptide to 
various nonproteinaceous polymers, e.g. polyethylene 
glycol, polypropylene glycol or polyoxyalkylenes, in the 
manner set forth in U.S. Pat. Nos. 4,640,835; 4,496,689; 4s 
4,301,144; 4,670,417; 4,791,192 or 4,179J37. 

The target polypeptide also may be entrapped in micro- 
capsules prepared, for example, by coacervation techniques 
or by interfacial polymerization (for example, hydroxym- 
ethylccllulose or gelatin-microcapsules and poly- 50 
[methylmethacylate]microcapsules, respectively), in colloi- 
dal drug delivery systems (for example. liposomcs, albumin 
microspheres, microemulsions, nano-particles and 
nanocapsules), or in macroemulsions. Such techniques are 
disclosed in Remington’s Pharmaceutical Sciences, 16th ~5 

edition, 0~01, A., Ed., (1980). 
Target polypeptide preparations are also useM in gener- 

ating antibodies, for screening for binding partners, as 
standards in assays for the target polypeptide (e.g. by 
labeling the target polypeptide for use as a standard in a 60 
radioimmunoassay, enzyme-linked immunoassay, or 
radioreceptor assay), in a&&y purification techniques, and 
in competitive-type receptor binding assays when labeled 
with radioiodine, enzymes, fluorophores, spin labels, and the 
like. 65 

Since it is often difficult to predict in advance the char- 
acteristics of a variant target polypeptide, it will be appre- 

ciated that some screening of the recovered variant will be 
needed to select the optimal varianL For example, a change 
in this immunological character of the target pol?peptide 
molecule, such as afti+? for a given antigen or antlbody, is 
measured by a compctitwe-type immunoassay. The variant 
is assayed for changes in the suppression or enhancement of 
its activity bad comparison to the activity observed for the 
target polypeptide in the same assay. Other potential modi- 
fications of protein or polypeptide properties such as redox 
or thermal stability, hydrophobicity, susceptibility to pro- 
teolytic degradation, stability in recombinant cell culture or 
in plasma, or the tendency to aggregate with carriers or into 
multimers are assayed by methods well known in the art. 
Diagnostic and Related Uses of the Antibodies 

The antibodies of this invention are useful in diagnostic 
assays for antigen expression in specific cells or tissues. The 
antiiodies are detectably labeled and/or are unmobilized on 
an insoluble matrix. 

The antibodies of this invention fmd further use for the 
affinity purification of the antigen from recombinant cell 
culture or natural sources. Suitable diagnostic assays for the 
antigen and its antibodies depend on the particular antigen or 
antibody. Generally, such assays include competitive and 
sandwich assays, and steric indibitioo assays. Competitive 
and sandwich methods employ a phase-separation step as an 
integral part of the method while steric inhibition assays are 
conducted in a single reaction mixture. Fundamentally, the 
same procedures are used for the assay of the antigen and for 
substances that bind the antigen, although certain methods 
will be favored depending upon the molecular weight of the 
substance being assayed. Therefore, the substance to be 
tested is referred to herein as an analyte, irrespective of its 
status otherwise as an antigen or antibody, and proteins that 
bind to the analyte are denominated binding partners, 
whether they be antibodies, cell surface receptors, or anti- 
gens. 

Analytical methods for the antigen or ik antibodies all USC 
one or more of the following reagents: labeled analyte 
analogue, immobilized analyte analogue, labeled binding 
partner, immobilized binding partner and steric conjugates. 
The labeled reagenk also are known as “tracers.” 

The label used (and this is also useful to label antigen 
nucleic acid for use as a probe) i any detectable fimction- 
ality that does not interfere with the binding of analyte and 
its binding partner. Numerous labels are known for use in 
immunoassay, examples including moieties that may be 
detected directly, such as fluorochrome, chemiluminescent, 
and radioactive labels, as well as moieties, such as enzymes, 
that must be reacted or derivatized to be detected. Examples 
of such labels include the radioisotopes 32P, “%Z, “‘1, ‘II, 
and “l1, fluorophores such as rare earth chelates or fluo- 
rescein and i& derivatives, rhodamine and its derivatives, 
dansyl, umbelliferone, luceriferases, e.g., firefly h&erase 
and bacterial luciferase (U.S. Pat. No. 4,737,4%), luciferin, 
2,3-dihydrophthalazinediones, horseradish pcroxidaso 
(HRP), alkaline phosphatase, P-galactosidase, 
glucoamylase, lysozyme, saccharide oxidases, e.g., glucose 
oxidase, galactose oxidase, and glucose-6-phosphate 
dehydrogenase, heterocyclic oxidases such as uricase and 
xanthine oxidase, coupled with ‘an enzyme that employs 
hydrogen peroxide to oxidize a dye premrsor such as HRP, 
lactoperoxidase, or microperoxidase, biotin/avidin, spin 
labels, bacteriophage labels, stable free radicals, and the 
like. 

Conventional methods are available to bind these labels 
covalently to proteins or polypeptides. For instance, cou- 
pling agents such as dialdehydes, carbodiimides, 
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dimaleimidcs, bb-imidates, bis-diazotized benzidine, and the conjugate, resulting in a change in the character of the 
lhe like may be used to tag the armbodies with the above- conjugate hapten, e.g., a change in fluorescence when the 
described fluorescent, chemiluminescent, and enzyme hapten is a fluorophore. 
labels. See, for example, U.S. Pat. No. 3,940,475 Sandwich assays particularly are useful for the determi- 
(fluorimetry) and U.S. Pat. No. 3,645,090 (enzymes); Hunter s nation of antigen or antibodies. In sequential sandwich 
et al., -vurwe, 144: 945 (1962); David et al., Biochemi.@ry assays an immobilized binding partner is used to adsorb test 
13: 1014-1021 (1974); Pain et al.,.Z. Zm7nurwZ. Merhods. 40: sample analyte, the test sample is removed as by washing, 
21%230 (1981); and Nygren,J. ZZisrochenr. and Cyrochem., the bound analyte is used to adsorb labeled binding partner, 
30: 407-412 (1982). Preferred labels herein are enzymes and bound material is then separated from residual tracer. 
such as horseradish peroridase and alkaline phosphatase. 10 The amount of bound tracer is directly proportional to test 
The conjugation of such label, including the enzymes, to the sample analyte. In “simultaneous” sandwich assays the test 
antibody is a standard manipulative procedure for one of sample is not separated before adding the labeled binding 
ordinary skill in immunoassay techniques. See, for example, partner. A sequential sandwich assay using an anti-antigen 
O’Sullivan et al., “Methods for the Preparation of Enzyme- monoclonal ‘antibody as one antibody and a polyclonal 
antibody Conjugates for Use in Enzyme Immunoassay,” in 15 anti-antigen antibody as the other is useful in testing samples 
&Zetho& in ,!%rynrology cd. J. J. Langone and II. Van for particular antigen activity. 
Vunakis, Vol. 73 (Academic Press, New York, N.Y., 1981), The foregoing are merely exemplary diaguostic assays for 
pp.147-166. Such bonding methods are suitable for use with the import and humanized antibodies of this invention. 
ihe antibodies and polypeptides of this invention. Other methods now or hereafter developed for the determi- 

Immobilization of reagents is required for certain assay 20 nation of these analytcs are included within the scope hereof, 
methods. Immobilization entails separating the binding part- including the bioassays described above. 
ner from any analyte that remains free in solution. This Immunotoxins 
conventionally is accomplished by either insolubilizing the This invention is also directed to immunochemical deriva- 
binding partner or analyte analogue before the assay tives of the antibodies of this invention such as immuno- 
procedure, as by adsorption to a water-insoluble matrix or 2s toxins (conjugates of the antibody and a cytotoxic moiety). 
surface (Rennich et al., U.S. Pat. No. 3,720,760), by cova- Antibodies which carry the appropriate effector functions, 
lent coupling (for example, using glutaraldehyde cross- such as with their constant domains, are also used to induce 
linking), or by insolubilizing the partner or analogue lysis through the natural complement process, and to interact 
afterward, e.g., by immunoprecipitation. with antibody dependent cytotoxic cells normally present. 

Other assay methods, known as competitive or sandwich 31) For example, purified, sterile filtered antibodies are 
assays, are well established and widely used in the com- optionally conjugated to a cytotoxin such as ricin for use in 
mercial diagnostics industry. AIDS therapy. U.S. patent application Ser. No. 07/350,895 

Competitive assays rely on the ability of a tracer analogue illustrates methods for making and using immunotoxins for 
to compete with the test sample analyte for a limited number the treatment of HIV infection. The methods of this 
of binding sites on a common biodiag partner. The binding 35 inventioa, for example, are suitable for obtaining humanized 
partner generally is insolubilized before or after the com- antibodies for use as immunotoxins for use inAIDS therapy. 
petition and then the tracer and analyte bound to the binding The cytotoxic moiety of the immunotoxin may be a 
partner are separated from the unbound tracer and analyte. cytotoxic drug or an enzymatically active toxin of bacterial, 
This separation is accomplished by decanting (where the timgal, plant or animal origin, or an enzymatically active 
binding partner was preinsolubilized) or by centrifngin g 40 fragment of such a toxin. Enzymatically active toxins and 
(where the binding partner was precipitated after the com- fragments thereof used are diphtheria A chain, nonbinding 
petitive reaction). The amount of test sample analyte is active fragments of diphtheria toxin, exotoxin Acham (from 
inversely proportional to the amount of bound tracer as Pseudomonas aeruginma), ricin A chain, abrin A chain, 
measured by the amount of marker substance. Dose- modeccin A chain, alpha-sarcin, Akwite.s for&i proteins, 
response curves with known amounts of analyte are pre- 45 dianthin proteins, PhytoZacu rrmericann proteins (PAPI, 
pared and compared with the test results to quantitatively PAPII, and PAP-S), momordica charantia inhibitor, cumin, 
determine the amount of analyte present in the test sample. cretin, sapaonaria officinalis inhibitor, gelonin, mitogellin, 
These assays are called BLISA systems when enzymes are restrictocin, phenomycin, enomycin and the tricothecenes. 
used as the detectable markers. In another embodiment, the antibodies are conjugated to 

Another species of competitive assay, called a “homage- 50 small molecule anticancer drugs such as cis-platin or 5FU. 
neous” assay, does not require a phase separation. Here, a Conjugates of the monoclonal antibody and such cytotoxic 
conjugate of an enzyme with the analyte is prepared and moieties are made using a variety of bifunctional protein 
used such that when anti-analyte binds to the analyte the coupling agents. Examples of such reagents are SPDP, IT, 
presence of the anti-analyte modifies the enzyme activity. In bifunctional derivatives of imidoesters such as dimethyl 
this case, the antigen or its immunologically active frag- 55 adipimidate HCl, active esters such as disuccimmidyl 
merits are conjugaled with a hifunctional organic bridge to suberate, aldehydes such as; glntaraldehyde, his-azido com- 
an enzyme such as peroxidase. Conjugates are selected for pounds such as bis(p-azidobenzoyl)hexancdiaminc, bis- 
use with antibody so that binding of the antibody inhibits or diazonium derivatives such as bis-(p-diazoniumbenzoyl)- 
potcntiates the enzyme activity of the label. This method per ethylenediaminc, diisocyanatcs such as tolylcne 2,6- 
se is widely practiced under the name of EMIT 60 diisocyanate and b&active fluorine compounds such as 

Steric conjugates are used in steric hindrance methods for lJdifluoro-2,4dinitrobcnzenc. The lysing portion of a 
homogeneous assay. These conjugates are synthesized by toxin may be joined to the Fab fragment of the antibodies. 
covalently linking a low-molecular-weight hapten to a small Immunotoxins can be made in a variety of ways, as 
analyte so that antibody to hapten substantially is unable to discussed herein. Commonly known crosslinking reagents 
bind the conjugate al the same time as anti-analyte. Under es can be used to yield stable conjugates. 
this assay procedure the analyte present in the test sample Advantageously, monoclonal antibodies specifically bind- 
will bind anti-analyte, thereby allowing anti-hapten to bind ing the domain of the antigen which is exposed on the 
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infected cell surface, arc conjugated to ricin A chain. Most 
advantageously the ricin A chain is deglycosylared and 
produced through recombinant means. An advantageous 
method of making the ticin immunotoxin is described in 
Viletta et al., Science 238:1098 (1987). 

When used to kill infected human cells in vitro for 
diagnostic purposes, the conjugates will typically be added 
to the cell culture medium at a concentration of at lea5t about 
10 nM. The formulation and mode of administration for in 
vitro use are not critical. Aqueous formulations that are 
compatible with the culture or perfusion medium will nor- 
mally be u,sed. Cytotoxicity may be read by conventional 
techniques. 

Cytotoxic radiopharmaceuticals for treating infected cells 
may be made by conjugating radioactive isotopes (e.g. I, Y, 
Pr) to the antibodies. Advantageously alpha particle- 
emitting isotopes are used. The term “cytotoxic moiety” as 
used herein is intended to include such isotopes. 

In a preferred embodiment, ricin A chain is deglycosy- 
lated or produced without oligosaccharides, to decrease its 
clearance by irrelevant clearance mechanisms (e.g., the 
liver). In another embodiment, whole ricin (A chain plus B 
chain) is conjugated to antibody if the galactose b&ding 
uropertv of B-chain can be blocked Pblocked ricin”). 
. A  I 

Tn a further embodiment toxin-con&gates are mad; with 
Fab or F(ab’), fragments. Because of their relatively small 
size these fragments can better penetrate tissue to reach 
Infected celLs. 

In another embodiment, fusogenic liposomes are Elled 
with a cytotoxic drug and the liposomes arc coated with 
antibodies specifically bindiug the particular antigen. 
Antibody Dependent Cellular Cytotoxicity 

Certain aspects of this invention involve antibodies which 
are (a) directed against a particular antigen and (b) belong to 
a subclass or isotype that is capable of mediating the lysis of 
cells to which the antibody molecule binds. More 
spectically, these antibodies should belong to a subclass or 
isolype that, upon complexing with cell surface proteins, 
achvates serum complement and/or mediates antibody 
dependent cellular cytotoxicity (ADCC) by activating effec- 
tor cells such as natural killer cells or macrophages. 

Biological activity of antibodies is known to be 
determined, lo a large extent, by the constant domains or Fc 
region of the antibody molecule (Uananue and Benacerraf, 
Textbook qf Immunology, 2nd ?Zdition, Williams & Wilkins, 
p. 218 (1984)). This includes their ability to activate comple- 
ment and to mediate antibodydcpendcnt cellular cytotox- 
icity (ADCC) as effected by leukocytes. Antibodies of 
different classes and subclasses differ in this respect, as do 
antibodies horn the same subclass but different species; 
according to the present invention, antibodies of those 
classes having the desired biological activity are prepared. 
Preparation of these antibodies involves the selection of 
&body constant domains are their incorporation in the 
humanized antibody by known technique. For example, 
mouse immunoglobulins of the IgG3 and IgG2a class arc 
capable of activating serum complemenl upon binding to the 
target cells which express the cognate antigen, and therefore 
humanized antibodies which incorporate IgG3 and IgG2a 
cffector functions are desirable for certain therapeutic appli- 
cations. 

In general, mouse antibodies of the IgG2a and IgG3 
subclass and occasionally IgGl can mediate ADCC, and 
antibodies of the IgG3, IgG2a, and IgM subclasses bind and 
activate serum complement. Complement activation gener- 
ally requires the binding of at least two 1gG molecules in 
close proximity on the target cell However, rhe binding of 
only one IgM molecule activates .semm complement. 
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The ability of any particular ‘antibody to mediate lysis of 

the target cell by complement activation and/or ADCC can 
be assayed. The cells of interest are grown and labeled in 
vitro; the antibody is added to the cell culture in combination 
with either serum complement or immune cells which may 
be activated by the antigen antibody complexes. Cytolysis of 
the target cells is detected by the rclcase of label from the 
lysed cells. In fact, antibodies can be screened using the 
patient’s own serum as a source of complement andjor 
immune cells. The antibody that is capable of activating 
complement or mediating ADCC in the in vitro test can then 
be used therapeutically in that particular patient. 

This invention specifically encompasses consensus Fc 
antibody domains prepared and used according to the teach- 
ing.. of this invention. 
Therapeutic and Other Uses of the Antibodies 

When used in vivo for therapy, the antibodies of the 
subject invention are administered to the patient in thcra- 
peutically effective amounts (i.e. amounts that have desired 
therapeutic effect). They will normally be administered 
parenterally. The dose and dosage regimen will depend upon 
the degree of the infection, the characteristics of the par- 
ticular antibody or immunotoxin used, e.g., its therapeutic 
index, the patient, and the patient’s history. Advantageously 
the antibody or immunotoxin is administered continuously 
over a period of 1-2 weeks, intravenously to treat cells in the 
vasculature and subcutaneously and intraperitoneally to treat 
regional lymph nodes. Optionally, the administration is 
made during the course of adjunct therapy such as combined 
cycles of radiation, chemotherapeutic treatment, or admin- 
istration of tumor necrosis factor, interferon or other cyto- 
protective or immunomodulatmy agent. 

For parcntcral administration the antibodies will be for- 
mulated in a unit dosage injectable form (solution, 
suspension, emulsion) in association with a pharmaceuti- 
cally acceptable parenteral vehicle. Such vehicles are inher- 
ently nontoxic, and non-therapeutic. Examples of such 
vehicles are water, saline, Ringer’s solution, dextrose 
solution, and 5% human serum albumin. Nonaqueous 
vehicles such as fixed oils and ethyl oleate can also be used. 
1,iposomes may be used as carriers. The vehicle may contain 
minor amounts of additives such as substances that enhance 
iz.otonicity and chemical stability, e.g., buffers and preser- 
vatives. The antibodies wiI1 typically be formulated in such 
vehicles at concentrations of about 1 mgiml to 10 mg./ml. 

USC of IgM antibodies may be prefcrrcd for certain 
applications, however IgG molecules by being smaller may 
be more able than IgM molecules to localize to certain types 
of infected cells. 

There is evidence that complement activation iu vivo 
leads to a variety of biological effects, including the induc- 
tion of an inflammatory response and the activation of 
macrophages (Uananue and Benecerraf, Textbook of 
It/ttnunology, 2nd Edition, Williams Rc Wilkins, p. 218 
(1984)). The increased vasodilation accompanying inflam- 
malion may increase the ability of various agenrs lo localize 
in infected cells. ‘Therefore, antigen-antibody combinations 
of the type specified by this invention can be used thera- 
peutically in m‘any ways. Additionally, purified antigens 
(Hakomori, Ann Rev. Immunol 2:103 (1984)) or anti- 
idiotypic antibodies (Nepom et al., PIVC. Natl. Acad. Sci. 
812864 (198.5); Koprowski et al., Proc. N&L Acad Sci. 
81:21B (1984)) Elating to such antigens could be used to 
induce an active immune response in human patients. Such 
a response includes the formation of antibodies capable of 
activating human complement and mediating ADCC and by 
such mechanisms cause infected cell destruction. 
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Optionally, the antibodies of this invention are useful in 

passively immunizing patients, as exemplified by the admin- 
istration of humanized anti-HIV antibodies. 

The antibody compositions used in therapy are formulated 
and dosages established in a fashion consistent with good 
medical practice taking into account the disorder to be 
trcatcd, the condition of the individual patient, the site of 
delivery of the composition, the method of administration 
and other factors known to practitioners. The antibody 
compositions are prepared for administration according to 
the description of preparation or polypeptides for 
administration, infra. 
Deposit of Materials 

As described above, cultures of the muMAb4D5 have 
been deposited with the American Type Culture Colleclion, 
10801 University Blvd., Manassas, Va., U.S.A. (AI’CC). 

This deposit was made under the provisions of the Budap- 
est Treaty on the International Recognition of the Deposit of 
Microorganisms for the Purpose of Patent Procedure and the 
Regulations thereunder (Budapest Treaty). This assures 
m‘aintenance of viable cultures for 30 years from the date of 
the deposit. The orgaisms will be made available by ATCC 
under the terms of the Budapest Treaty, and subject to an 
agreement between Genentech, Inc. and ATCC, which 
assures permanent and unrestricted availability of the prog- 
eny of the cultures to the public upon issuance of the 
pertinent U.S. patent or upon laying open to the public of 
any U.S. or foreign patent application, whichever comes 
first, and assures availabihty of the progeny to one detcr- 
mined bv the U.S. Commissioner of Patents and Trademarks 
to be elititled thereto according to 35 USC $122 and the 
Commissioner’s rules pursuant thereto (including 37 CFR 
$1.12 with particular reference to 886 OG 638). 

In respect of those designations in which a European 
patent is sought, a sample of the deposited microorganism 
will be made available until the publication of the mention 
of the grant of Ihe European patent or until the date on which 
the application has been refused or withdrawn or is deemed 
to be withdrawn, only by the issue of such a sample to an 
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expert nominated by the person requesting the sample. (Rule 10 
28(4) EPC) 

The assignee of the present application has agreed that if 
the cultures on deposit should die or be lost or destroyed 
when cultivated under suitable conditions, they will be 
promptly replaced on notification with a viable specimen of 45 

the same culture. Availability of the deposited strain is not to 
be construed as a license to praclice the invention in con- 
travention of the rights granted under the authority of any 
government in accordance with its patent laws. 

The foregoing written speciEcation is considered to be 50 
sufficient to enable one skilled in the art to practice the 
invention. The present invention is no1 to be limited in scope 
by the constructs deposited, since the deposited embodi- 
ments are intended to illustrate ouly certain aspects of the 
invention and any constructs that arc functionally equivalent ss 
are within the scope of this invention. The deposit of 
material herein does not constitute an admission that the 
written description herein contained is inadequate to enable 
the practice of any aspect of the invention, including the best 
mode thereof, nor is it to be construed as limiting the scope 60 
of the claims to the specific illustrations that they represent. 
Indeed, various mod&cations of the invention in addition to 
those shown and described herein will become apparent to 
those skilled in the art from the foregoing description and 
fall within the scope of the appended claims. 65 

It is understood that the application of the teachings of the 
present invention to a specific problem or situation will be 
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within the capabilities of one havmg ordinary skill in the art 
in light of’ the teachings contained herein. Exampltis of lhe 
products of the present invention and representative pro- 
cesses for their isolation, use, and manufacture appear 
below, but should not be construed to limit the invention. 

EXAMPLES 

Example 1 
Humanization of muMAb4DS 

Here we report the chimerization of muMAb4D5 
(chMAb4DS) and the rapid and simultaneous humanization 
of heavy (VH) and lighl (V,) chain variable region genes 
using a novel “gene conversion mutagenesis” strategy. Eight 
humanized variants (huMAh4D5) were constructed to probe 
the importance of several FR residues identsed by our 
molecular modeling or previously proposed to be critical to 
the conformation of particular CDRs (see Chothia, C. & 
Lesk, A. M.,.I. Mol. Biol. 196:901-917 (1987); Chothia, C. 
et al., Nature 342:877-883 (19S9); Tramontano, A. et al.,J. 
Mol. BioZ. 215:175-182 (1990)). Efficient transient expres- 
sion of humanized variants in non-myeloma cells allowed us 
to rapidly investigate the relationship between binding atEn- 
ity for ~185 
p185== 

HEW ECD and anti-proliferative activity against 
overexpressing carcinoma cells. 

Materials and Methods 

Cloning of Variable Region Genes. The muMAb4D5 V, 
and V, genes were isolated by polymerase chain reaction 
(PCR) amplification of mRNA from the corresponding 
hybridoma (Fendly, B. M. et al., CnncerRes. 50:15.50-1558 
(1990)) as described by Orlandi et al. (Orlandi, R. et al., 
Proc. Natl. Acad. See. lXA 86~3833-3837 (1989)). Amino 
terminal sequencing of muMAb4D.5 V, and V,, was used to 
design the sense strand PCR primers, whereas the anti-sense 
PCR primers were based upon consensus sequences of 
murine framework residues (Orlandi, R. et al., Proc. Natl. 
Acud. Sci. USA 86:3833-3837 (1989); Kabat, E. A. et al., 
Sequences of Proteins of Immunological IntereLI (National 
Institutes of Health, Bethesda, Md., 1987)) incorporating 
restriction sites for directional cloning shown by underlining 
and listed after the sequences: V, sense, 
S-TCCGAI-ATCCAGCTGACCCAGTCTCCA-3’ (SEQ. ID 
NO. 7), EcoRV; V, anti-sense, 5’-GTITGATCI’CCAGCIIT 
GGTACCHSCDCCGAA-3’ (SEQ. ID NO. S), Asp71S; V, 
sense, 5’-AGGTSMARCTGCAGSAGTCWGG-3’ (SEQ. ID 
NO. 9), PstJ and V,, anti-sense, S-TGAGGAGAC 
GGTGACCGTGGTCCCITGGCCCCAG-3’ (SEQ. ID NO. 
lo), BstEIJ; where H-A or C or T, S-C or G, D=A or G  or 
T, M==A or C, R-A or G  and W-A or T. The PCR products 
were cloned into pUCl19 (Vieira, J. & Messing, J., Mefhod.s 
Enzynzol. 153:3-11 (1987)) and five clones for e.ach variable 
domain sequenced by the dideoxy method (Sanger, F. et al., 
Proc. Natl. Acad. Sci iXiA 745463-5467 (1977)). 

Molecular Modelling. Models for muMAb4D5 V, and 
V, domains wzre constructed separately from conseIzsu$ 
coordinates based upon seven Fab structures from the 
Brookhaven protein data bank (entries iFB4, ‘ZRHE, ZMCP, 
3FAJ3, lFBJ, WFL and IREI). The Fab fragment KOL 
(Marquart, M. et al.,J. idol. Biol. 141:369-391 (1980)) was 
first chosen as a template for V, and V,, domains and 
additional structures were then superimposed upon this 
structure using their main chain atom coordinates (INSIGHT 
program, Biosym Technologies). The distance from the 
template Ca to the analogous Ca in each of the superim- 
posed structures was calculated for each residue position. If 
all (or nearly all) Ca-Cu distances for a given residue were 
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21 A, then that posltion was included in the consensus 
structure. In mobt cases the @sheet framework residues 
satisfied these criteria whereas the CDR loops did not. For 
each of these selected residues the average coordinates for 
individual N, Ca, C, 0 and Cp atoms were calculated and 
then corrected for resultant deviations from non-standard 
bond geometry by 50 cycles of energy minimization using 
the DiSCOVER program (Biosym Technologies) with the 
AMBER forcefield (Weiner. S. J. et al., J. Amer. Ckm. Sot. 
106:765-784 (19843) and &x coordinates fixed. The side 
chains of highly conserved residues, such as the disulfide- 
bridged cysleine residues, were then incorporated inlo the 
resultant consensus structure. Next the sequences of 
muMAb4DS V, and V,, were incorporated starting with the 
CDR residues and using the tabulations of CDR conforma- 
tions from Chothia et al. (Chothia, C. et al., Nuzure 
342:877-883 (1989)) as a guide. Side-chain conformations 
were chosen on the basis of Fab crystal structures, rotamer 
libraries (Ponder, J. W. & Richards, F. M., J. Mol. Biol. 
193:775-791 (1987)) and packing considerations. Since 
V,CDR3 Lmuld not be assigned a defiuitc backbone con- 
formation from these criteria, two models were created from 
a search of sin&u siTad loops using the INSIGHTprogram. 
A third model was derived using packing and solvent 
exposure considerations. Each model was then subjected to 
5000 cycles of energy minimization. 

In humanizing muMAb4DS, consensus human sequences 
were first derived from the most abundant subclasses in the 
sequence compilation of Kabar et al. (Kabat, E. A. et al., 
Sequences of Proteins of Immunological Interest (National 
Institutes of Health, Bethesda, Md., 1987)), namely V,+ K 
subgroup I and V,, group 111, and a molecular model 
generated for these sequences using the methods described 
above. A structure for huMAb4D5 was created by tmnsfer- 
ring the CDRs from the muMAb4D5 model into the con- 
sensus human structure. All huMAb4DS varianls contain 
human replacements of muMAblD5 residues at three posi- 
tions within CDRs as defined by sequence variability 
(Kabat, B.A. et al., Sequences qfProteins of Immunological 
Interest (National Institutes of Health, Bethesda, Md., 
1987)) but not as defined by structural variability ‘(Chothia: 
C. & Lesk, A. M., J. Mel Biol 196:901-917 41987)): 
V,-CDRl K24R, V,-CDRZ R54L and V,-CDR2 T56S. 
Differences between muMAb4D5 and the human consemus 
framework residues (FIG. 1) were individually modeled to 
investigate their possible influence on C‘DR conformation 
and/or binding to the pl 85n’Rz ECD. 

Construction of Chimeric Genes Genes encoding 
chMAb4D5 light and heavy chains were separately 
assembled in previously described phagemid vectors con- 
taining the human cytomegalovirus enhancer and promoter, 
a S’ intron and SV40 polyadenylation signal (Gorman, C. M. 
et al., I)XA & Plat. En@ Tech. 2:3-10 (1990)). Briefly, 
gene segments encoding muMAb4D5 V, (FIG. 1A) and REI 
human K, light chain C,- @lm, W. & Hilschmann, N., Z. 
Physiol. Chem. 356:167-191 (1975)) were precisely joined 
as were gems for muMAb4D5 V, (FIG. 1B) and human yl 
constant region (Capon, D. J. et al., Nutrrre 337~525-531 
(1989)) by simple subcloning (Boyle, A, in Current Proto- 
cols in Molecular Biology, Chapter 3 (F. A Ausubel et al., 
eds., Greene Publishing & Wiley-Interscience, New York, 
1990)) and site-directed mutagenesis (Carter, P., in 
LUutagenesis: A Practical Approach, Chapter 1 (IRL PTeS5, 
Oxford, UK 1991)). The yl &type was chosen as it has been 
found lo he the preferred human &type for supporting 
ADCC and complement dependent cytotoxicity using 
matched sets of chimeric (BGggemann, M. et al., J. Exp. 
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Med. 166:1351-1361 (1987)) or humanized antibodies 
(Riechmann, L. et at., Nuturn 332:32%327 (198S)). The 
@CR-generaied \[[, ani V, fragments (FIG. i)‘were’&bse- 
quently mutsgemzed so that they faithfully represent the 
sequence of muMAb4D5 determined at the protein level: V, 
QlE, V, V104L and T109A (variants are denoted by the 
amino acid residue and number followed by the replacement 
amino acid). The human yl constant regions are identical to 
those reported by Ellison et al. (Ellison, J. W. et al., Nucleic 
Acids Res. 13:4071-4079 (1982)) except for the mutations 
E359D and M361 L(Eu numbering. as in Kabat, B.A. et al., 
Sequences of Proteins of lmmunologicnl Intewrr (National 
Institutes of Health, Bethesda, Md., 1987)) which we 
installed lo convert the antibody from the flakmlly rare A 
allotype to the much more common non-A allotype 
(Tramontano, A. et a.. J. Mol. Biol. 215:175-182 (1990)). 
This was an attempt to reduce the risk of anti-allotype 
antibodies interfering with therapy. 

Consiruction of Humanized Genes. Genes encoding 
chMAb4D5 light chain and heavy chain Fd fragment (Vu 
and C&l domains) were s&cloned together into pUC119 
(Vieira, J. 8; Messing, J., Methods lkzvmol. 153:3-11 
(1987)) to create pAK.i and simultaneousi; humanized in a 
single step (FIG. 2). Briefly, sets of 6 contiguous olieomlcle- 
otides were desigied to humanize V, &d V. (FIG. 1). 
These oligonucleotides are 28 to 83 nucleotides in length, 
contain zero to 19 mismatches to the murinc antibody 
template and are constrained to have 8 or 9 perfectly 
matched residues at each end to promote eflicicnt annealing 
and ligation of adjacent oligonucleotides. The sets of V, and 
V, humanization oligonucleotides (5 pmol each) were phos- 
phorylated with either f%T’&‘or y-“‘P-ATP (Carter, I? Meihods 
Fnrvmol. 154:382-403 (198ilj and seoaratelv annealed with 
3.7 pmol of phK1 template & 40 @iO & 'Lii.s-HCl @H 
8.0) and 10 mM MgClz by cooling from 100 ’ C. to room 
temperature over -30 min. The annealed oligonucleotides 
were joined by incubation with T4 DNA ligase (12 units; 
New England Biolabs) in the presence of 2~15 mMA’I’1’ and 
2 ,ul 0.1 M DIT for 10 min at 14” C After electrophoresis 
on a 6% acrylamide sequencing gel the assembled oligo- 
mlcleotides were located by autoradiography and recovered 
by electroelution. The assembled oligonucleotides (-0.3 
pmol each) were simultaneously annealed to 0.15 pmol 
siugle-stranded deoxyuridine-containing pAK1 prepared 
according to Kunkel et al. (Kunkel, T. A. et al., Methods 
Enzymol. 154~367-382 (1987)) it] 10 ~1 40 mM Tris-HCl 
(PH 75) and 16 mM h4gCl, as above. Heteroduplex DNA 
was constructed by extending the primers with T7 DNA 
polymerase and tTanSfOTTUed into E. coli BMH 71-18 mutL 
as previously de&bed (Carter, P., in dfu1ugenesi.s: A Pmc- 
ticnl Approach, Chapter 1 (IRL Press, Oxford, UK 1991)). 
The resultant phagemid DNA pool was enriched Erst for 
huV,> by restriction purification using XhoI and then for 
huV, by restriction selection using StuI ‘as described in 
Carter, P., in Mutugenesis: A PracticalApproach, Chapter 1 
(IKLPress, Oxford, UK 1991); and in Wells, J. A. et al., Phil 
Tranr. R. Sot. Cond. A 317:415-423 (1986). Resultant 
clones containing both huV, and huV, genes were identi- 
lied by nucleotide sequencing (Sanger, F. et al., Pnx. Nutl. 
had. Sci. U&X 745463-5467 (1977)) and designated 
pAK2. Additional humanized variants were generated by 
site-directed mutagenesis (Carter, P., in Mumgenesis: A 
Pructicrrl Approach, Chapter 1 (IRL Press, Oxford, UK 
1991)). The muMAblD5 V, and Vn gent segments in the 
transient expression vectors described above were then 
precisely replaced wth their humanized versions. 

Expression and Purification of MAb405 Variants. Appro- 
priate MAb4D5 light and heavy chain cDNA expression 
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vectors were co-transfected into an adenovirns transformed 
human embryonic kidney cell line, 293 (Graham, E I,. et al ., 
J. Gen. Vird. 36:59-72 (1977)) using 3, high efficiency 
procedure (Gorman, C. M. et al., DNA RL Prof. Engin. Tech. 
213-10 (1990); Gormnn, C., in DNA Cloning. vol II, pp 
143-190 (D. M. Glover, ed., IRL Press, Oxford, UK 1985)). 
Media were harvested daily for up to 5 days and the cells 
re-fed with serum free media. Antibodies were recovered 
from the media aud affinity purified on protein A sepharose 
CL-JB (Pharmacia) as described by the manufacturer. The 
cluted antibody was buffer-exchanged into phosphatz- 
buffered saline by G25 gel filtration, concentrated by ultra- 
filtration (Cenlriprep-30 or Centricon-100, Amicon),sterile- 
filtered (Millex-GV, M&pore) and stored at 4” C. The 
concentration of antibody was determined bv using both 
total immunoglobulin and antigen binding bLISAs. The 
standard used was huMAb4D5-5, whose concentration had 
been determined by amino acid composition analysis. 

Cell Proliferation Assay. The effect of MAb4D5 variants 
upon proliferation of the human mammary adenocarcinoma 
cell line, SK-BR3, was investigated as previously described 
(Fendly, B. M. et al, Cnncer Res. 50:1550-1558 (1990)) 
using saturating MAb4DS concentrations. 

Affinity Measurements. The antigen binding affinity 01 
MAb4D5 variants was determined using a secreted form of 
the ~1%~~ ECD prepared as described in Fendly, B. M. 
et al., J. Biol Resp. Alod. Y:449-455 (1990). Briefly, anti- 
body and ~185 FpIR?. ECD were inLvbated in solution until 
equilibrium was found to be rcachcd. The concentration of 
free antibodv was then determined by EIJSA using immo- 
bilized p18imm BCD and used to calculate affinity (KJ 
according to Friguet et al. (Friguet, B. et al., J. Immunol 
Merhoak 77:305-319 (1985)). 

Res&s 

Humanization of muMAb4DS. The muMAb4DS V, and 
V,, gene segments were first cloned by PCR and sequenced 
(FIG. 1). ‘The variable genes were then simultaneously 
humanized by gene conversion mutagenesis using preas- 
sembled oligonucleotides (FIG. 2). A 311~mer oligonucle- 
otide containing 39 mismatches to the template directed 24 
simultaneous amino acid changes required to humanize 
muMAbJD5 V,. Humanization of muMAb4D5 V, required 
32 amino acid changes which were installed with a 361-mcr 
containing 5!) mismatches to the muMAb4DS template Two 
out of 8 clones sequenced precisely encode huMAb4D5-5, 
although one of these clones contained a single nucleotide 
imperfection. The 6 other clones were essentially humanized 
but contained a small number of errors: <3 nucleotide 
changes and ~1 single nucleotide deletion per kilobase. 
Additional humanized variants (‘I’ablc 3) were constructed 
by site-directed mutagenesis of huMAb4D5-S. 

Expression levels of huMAb4DS variants wee-e in the 
range of 7 to 15 pg!ml as judged by ELISAusing immobi- 
liyxd pl X5Hrm ECD. Successive hawesls of five IO cm 
plates allowed 24JO m to 500 mg of each variant to be 
produced in a week. Antibodies aflinirv purified on protein 
A gave a single baud on a Coomassle blue stained SDS 
polyacrylamide gel of mobility consistent with the expected 
M,. of -150 kDa. Electrophoresis under reducing conditions 
gave 2 bands consistent with the expected M, of free heavy 
(48 l&a) and light (23 kDa) chains (not shown). Amino 
terminal sequence analysis (lo-cycles) gave the mixed 
sequence expected (see FIG. I) from an equimolar combi- 
nation of light and heavy chains (not shown). huMAb4D5 
Variants. In general, the FR residues were chosen from 
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consensus human sequences (Kabat, E. A. et al., Seque~~ces 
o!Proreinr c~/ln~munolo+~l brferesl (National Institutes of 
Health, Bethesda, Md., 1987)) and CDR residues from 
muMAb4DS. Additional variants were constructed by 

s replacing selected human residues in huMAb4D5-1 with 
their muMAb4D5 counterparts. These are V, residues 71, 
73,78,93 plus 102 and V, residues 55 plus 66 idcntificd by 
our molecular modeling. V, residue il has previously been 
proposed by others (Tramontano, A. et al., J. Mol. Biol. 

10 215:175-182 (1990)) to be critical to the conformation of 
V,,CDRZ. Amino acid sequence differences between 
huMAb4D5 variant molecules are shown in Table 3, 
together with their ~185~~’ ECD binding affinity and 
maximal anti-proliferative activities against SK-BR-3 celb. 

1s Very similar K, values were obtained for bincling of 
MAb4D5 variants to either SK-BR-3 cells or to ~lS5”~~ 
ECD (Table 3). However, %estimates derived from binding 
of MAb4D5 variants to ~185~~~ ECD were more repro- 
ducible with smaller standard errors and consumed much 

zo smaller quantities of antibody than bindine measurements 
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with while cells. 
‘Ibe most potent humanized variant designed by molecn- 

lar modeling, huMAb4D5-8, contains 5 FR residues from 
muMAb4D5. ‘This antibody binds the ~185~ ECD f-fold 
more lightly than does muMAb4D5 i&elf (Table 3) and has 
comparable anti-proliferative activity with SK-BR-3 cells 
(FIG. 3). In contrast, huMAb4DS-1 is the most humanized 
but least potent muMAb4D5 variant, created by simply 
installing the muMAb4DS CDRr into the consensus human 
sequences. huMAblDS-1 binds the ~155~~~’ ECD SO-fold 
less tightly than does the murine antibody and has no 
detectable anti-proliferative activity at the highest antibody 
concentration investigated (16 ,ug/ml). 

The anti-proliferative activity of huMAb4D5 variants 
against ~18.5~~~ overexpcpresqing SK-BR-3 cells is not sim- 
ply correlated with their binding affinity for the ~185’~~~ 
ECD. For example, installation of three murine residues into 
the V, domain of huMAb4DS-2 (D73’1; L78A and AYSS) to 
create huMAb4D5-3 does not change the antigen binding 
a%nity but does confer significant anti-proliferative activity 
(Table 3). 

The importance of Vi residue 71 (Tramontano, A. et al., 
J. Mol. Biof. 215175-182 (1990)) is supported by the 
observed 5-fold increase in affinity for plS5uER2 ECD on 
rcplaccment of R71 in huiXjAb4D5-1 with the corresponding 
murine residue, alanine (huMAb4D5-2). In contrast, replac- 
ing V, L78 in huMAb4DS-4 with the murine residue, 
alanine (huMAb4D5-5), does not significantly change the 
aflinity for the ~185~~~ ECD or change anti-proliferative 
activity, suggesting that residue 78 is not of critical func- 
tional significance lo huMAb4D.S and its ability to interact 
properly with the extracellular domain of ~1x5”~~~. 

V, residue 66 is usually a glycine in human and murine 
K chain sequences (Kaba t, E. A. et al., Seqwrrces of Proteins 
of ZmmunoZogical Znfcrest (National Institutes of Health, 
Bethzscla, Md., 1987)) but an arginine occupies this position 
in the muMAblD5 k light chain. The side chain of residue 
66 is likely to affect the conformation of V,-CDRl and 
V,-CDR2 and the hairpin turn at 68-69 (PIG. 4). Consistent 
with the importance of this residue, the mutation V, G66R 
(huMAb4D5-3-+huMAb4DS-5) increases the aflinity for 
the ~185’~~~ ECD bv 4-fold with a concomitant increase m 
anti-proliferative activity. 

From molecular modeling it appears that the tyrosyl side 
chain of muMAb4DS V, residue 55 may either stabilize the 
conformation of V,CDR3 or provide an interaction at the 
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V,,-V, interface. The latter function may be dependent upon 
the presence of V,Y102. In the context of huMAb4DS-5 ihe 
mutations VL E55Y (huMAb4DS-6) and V, V102Y 
(huMAb4D5-7) individually increase the affinity for 
plS.5 HERZ ECD by 5-fold ‘and 2-fold respectively, whereas 
together (huMAb4D5-8) they increase the affinity by 
ll-fold. This is consistent with either proposed role of VL 
Y55 and V, YlO2. 

Secondary Immune Function of huMAb4DS-8. 
MuMAb4D5 inhibits the growth of human breast tumor 
cells which overexpress ~185’~~ (Hudziak, R. M. et al., 
Molec. Cell. Biol. 9:1165-1172 (1989)). The antibody, 
however, does not ol?-er the possibility of direct tumor 
cytotoxic e&cts. This possibility does arise in 
huMAb4D5-8 as a result of its high affinity (K&l PM) and 
its human IgGl subtype. Table 4 compares the ADCC 
mediated by huMAb4D5-8 with muMAb4DS on a normal 
lung epithelial cell line, WI-38, which expresses a low level 
of plSS’= and on SK-BR3, which expresses a high level 
of ~185~. The results demonstrate that: (1) huMAb4DS 
has a greatly enhanced ability to carry out ADCC as com- 
pared with its murine parent; and (2) that this activity may 
be selective for cell types which overexpress p185mRz. 

Discussion 
MuMAb4DS is potentially useful for human therapy since 

,it is cytostatic towards human breast and ovarian tumor lines 
overexpressing the HERZrencoded p18.jHm’ receptor-like 
tyrosine kinase. Since both breast and ovarian carcinomas 
are chronic diseases it is anticipated that the optimal 
MAb4D5 variant molecule for therapy will have low immu- 
nogenicity and will be cytotoxic rather than solely cytostatic 
in e&e&. Humanization of muMAb4D5 should accomplish 
these goals. We have identified 5 different huMAb4D5 
variants which bind tightly to ~185~~~’ ECD (K,s 1 nM) 
and which have significant anti-proliferative activity (Table 
3). Futthermore huMAb4D5-8 but not muMAb4DS medi- 
ates ADCC against human tumor cell lines overexpressing 
plXP= m the presence of human effeclor cells (Table 4) 
as anticipated for a human 11 &type (Briiggemann, M. et 
al., .I. EJZ~. Med. 166:1351-1361 (1.987); Riechmann, I,. et 
al., Na?urc 3321323-327 (1988)). 

Rapid humanization of huMAb4D5 was facilitated by the 
gene conversion mutagenesis strategy developed here using 
long preassembled oligonucleotides. This method requires 
less than half the amount of synthetic DNA as does total 
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gene synthesis and does not reqmre convenient restriction 
sites in the target DNA. Our method appears to be simpler 
and more reliable than a variant protocol recently reported 
(Rostapshov, V. M. et al., FEBS Letr. 249:379-382 (1989)). 
Transient expression of huMAb4D5 in human embryonic 
kidney 293 cells permitted the isolation of a few hundred 
micrograms of huMAb4D5 variants for rapid characteriza- 
tion by growth inhibition and antigen binding aifinity assays. 
Furthermore, different combinations of light and heavy 
chain were readily tested by co-transfection of correspond- 
ing cDNA expression vectors. 

The Lrucial role of molecular modeling in the humaniza- 
tion of muMAb4DS is., illustrated by the designed variant 
huMAb4D5-8 which binds the ~185’~~ ECD 250-fold 
more tighlly than tbe simple CDR loop swap variant, 
buMAb4DS-1. It has previously been shown that the antigen 
binding affinity of a humanized antibody can be increased by 
mutagenesis based upon molecular modelling (Riechmann, 
L. et al., Nature 332:323-327 (1988); Queen, C. qt al., Proc. 
Nd had. Sci. USA 86:10@23-10033 (1989)). Here we 
have extended this earlier work by others with a designed 
humanized antibody which binds its antigen 3-fold more 
tightly than the parent rodent antibody. While this result is 
gratifying, assessment of the success of lhc molecular mod- 
cling must await the outcome of X-ray structure determina- 
tion. From analysis of huMAb4D5 variants (Table 3) it is 
apparent that their anti-proliferative activity is not a simple 
function of their binding aRinily for ~185~~~ ECD. For 
example the huh4AblD5-8 variant binds ~185’~~’ ?-fold 
more tightly than mtiAb4DS but the humankzed variant is 
slightly less potent in blocking the proliferation of SK-BR3 
cells. Additional huMAb4D5 variants are currently being 
constructed in an attempt to identify residues triggering the 
anti-proliferative activity and in an attempt to enhance this 
activity. 

In addition to retaining tight receptor binding and the 
ability to inhibit ~~11 growth, the buMAb4D5-8 also confers 
a secondary immune function (ADCC). This allows for 
direct cytotoxic activity of the humanized molecule in the 
presence of human efl&tor cells. The apparent selectivity of 0 
the cytotoxic activity for cell types which overexpress 
pl85== allows for the evolution of a straightforward clinic 
approach to those human cancers characterized by overex- 
pression of the HER2 protooncogene. I 

T;4BLE 3 

p18SHB” ECD binding d3iniity and anti-ordiferativc nclivities of MAb4D5 varinnts 

V, Rcsidus” V, R&due* 

MAb4D5 71 73 78 93 102 55 66 Kdf Relative cell 
Variant IX3 FR.3 FR3 FR3 CDR3 CDRZ IX3 nM prolifcratmi 

hnMAb4D5.1 R D L 
huMAbJD5.” Na D L 
huMAb4D5.3 Ala ThI N.3 
huMAblD5-4 Ala Thr L 
huMAb4D5.5 NUT Tkn Ala 
huMAb4DSG Ah Thr Ala 
huNAb4D5.7 Ala n Ala 
huMAb4D5.8 Ala Thr Ale 
lilUMAb4DS Ala Thr Aln 

A v E G 25 102 
A V E G 4.7 101 
SE1 v E Ci 4.4 66 
So1 v E A% 0.82 56 
Ser v 
Ser v %I 

A% 1.1 4s 
‘4% 0.22 51 

SEX qr E -4% 0.62 53 
Scr Tyr Tyr Arg 0.10 54 
Ser Tyr Tvr A& 0.30 37 
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TABLE 3-continued 

plSS HERL ECD binding aflinitv and nnti~probferatwe activities of hfAb4DS variants 

V, Residue* V, Residue’ 

MAb4D5 71 73 7s 93 102 5.5 66 I&+ R&t&e cell 
Valiant FR3 FR3 FP3 IX.3 CDR3 CDR.2 FR.3 nM yrolifcratmn* 

fProlifention of SK-BR-3 cells incubated foI96 hr with ,MAb4D5 xuisnts shown as a percent- 
ago of the untreated control as described (H&&k, R. M. et al., M&c. Ceil. Biol. 9:1165-1172 
(19X9)). Data rcprosent the maxim;ll anti-proliferatwe e&d for tech verisnt (see FJG. 3A) cal- 
cub&d as the mean of triplicate detenninotions at o MAb4D5 concentration of 8 &ml. Dam ore 
011 t&en from the SXIX experiment with an estimated standard exror of S; ~15%. 

TABLE 4 

Selfxrivitv of antibody dependent hunof cell 
cvtkiicity mediated by huhL4b4Ds-8 

A.$ 

B. 

F3fertdrargct WI-38’ 

ratio-t muMAbJD5 huMAb4D5-8 

25:l Cl.0 9.3 
12.5:l cl .o 11.1 
6.25~1 Cl.0 6.9 
3.13:1 <l.O 8.5 

25.1 Cl.0 3.1 
12.5.1 Cl.0 1.7 
G2S:l 1.3 2.2 
3.13:1 cl .o 0.8 

SK-BR-3 

muMAb4DS huMAb4D5-8 

7.5 40.6 
4.1 36 8 
0.5 35.2 
46 19.6 
6.1 33.4 
55 26 2 
2.0 210 
2.4 13.4 

‘Swwtivity to ADCC of two human cell lmes (WI-?& normal luog ep~thelmm; and SK-BRJ, human 
breast mmor cell lioe) are ampared. WI-3X exprewen a law level of PI@-’ (0.6 pg per.ug cell 
pmtein) and SK-RR-3 expresses a high level of P18S’nn’ (64 pg ~185~~” per pg cell protein), as 
determined by BJLSA (Fendly et al., J. Biol. Re 
tADCC assays were arried cut es described III -% 

@I. 9:449-455 (1990)). 
rugeemann et al., J. Brp. Med. 166x1351-1361 

(1987). Effectm to target mios wew of 11 r2 activated human peripheral blood lymphocytes to either 
WI-38 Rhwblasts 01 SK-BR-3 tumor cxlls in 9G-weU micwtiter plarcv for 4 houn at 3T C. Wlues 
given ~e~)rese~~t ~~ercent .svecifx cell lvsis as determined hv ‘* Cr release Fstimrted standard arm in _ . 
ihese q&lru licate determinations was ZtlO%, 
$Monoclonn~antibody concentrations wed wcrc 0.1 fig/ml (A) and 0.1 &ml (I?, 
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Example 2 
Schematic Method for Humanizing an Antibody Sequence 

This example illustrates one stepwise elaboration of the 
methods for creating a humanized sequence described 
above It will be understood that not all of these steps arc 4s 
essenlial to the claimed invention, and that steps may be 
taken in different order. 
1. ascertain a consensus human variable domain amino acid 

sequence and prepare from it a consensus structural 
model. 

2. prepare model of import (the non-human domain to be 5o 
humanized) variable domain sequences and note stmc- 
tural dilferences with respect to consensus human model. 

3. identify CDR sequences in human and in import, both by 
using Kabat (supra, 1957) and crystal structure criteria. If 
there is any difference in CDR identity from the different 5s 
criteria, use of crystal structure definition of the CDR, but 
retain the Kabat residues as important framework residues 
to import. 

4. substitute import CDR sequences Cor human CDR 
sequences to obtain initial “humanized” sequence. 60 

5. compare import non-CDR variable domain sequence to 
the humanized sequence and note divergences. 

6. Proceed through the following analysis for each amino 

acid residue where the import diverges from the human- 
ized. 65 
a. If the humanized residue represents a residue which is 

generally highly conserved across all species, use the 

residue in the humanized sequence. If the residue is not 
conserved across all species, proceed with the analysis 
described in 6b. 

b. If the residue is not generally conserved across all 
species, ask if the residue is generally conserved in 
humans. 
i If the residue is generally consetved in humans but 

the import residue dXers, examine the structural 
models of the import and human sequences and 
determine if the import residue would be likely to 
alIect the binding or biological activity of the CDKs 
by considering 1) could it hind antigen directly and 
2) could it affect the conformation of the CDR. If the 
conclusion is that an alfed on the CDRs is likely, 
substitute the import residue. If the conclusion is that 
a CDR affecl is unlikely, leave the humanized resi- 
due unchanged. 

ii. If the residue is also not generally conserved in 
humans, examine the structural models of the import 
and human sequences and determine if the import 
residue would be likely to affect the binding or 
biological activity of the CDRs be considering 1) 
could it bind antigen directly and 2) could it affect 
the conformation of the CDR. If the conclusion is 
that an affect on the CDRs is likely, substitute the 
import residue. If the conclusion is that a CDR affect 
is unlikely, proceed to the next step. 
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a) Examine the structural models of the import and 
human sequences and determine if the residue is 
exposed on the surface of the domain or is buried 
within. If the residue is exposed, use the residue in 
the humanized sequence. If the residue is buried, 5 
proceed to the next step. 
(i) Examine the structural models of the import 

and human seque-rices and determine if the 
residue is likely to affect the V,-V, interface. 
Residues involved with the interface iuclude: 10 
34L, 36L, 38L, 43L, 33L, 36L, 85L, 87L, 89L, 
91L, 961, 981,, 3.33, 37H, 39H, 4311, 45% 
47H, 6OH, 91H, 93H, Y5H, lOOH, and lU3H. If 
no effect is likely, use the residue in the human- 
ized sequence. If some affect is likely, substi- 15 
Lute the import residue. 

7. &arch the import sequence, the consensus sequence and 
the humanized sequence for glycosylation sites outside 
the CDRs, and determine ifthis glycosylation site is likely 
to have any affect on antigen binding and/or biological 2o 
activity. If no effect is likely, use the human sequence at 
that site; if some affect is likely, eliminate the glycosyla- 
tion site or use the import sequence at that site. 

8. After completing the above analysis, determine the 
planned humanized sequence and pmpapare and test a 25 
sample. If the sample does not bind well to the target 
antigen, examine the particular residues listed helow, 
regardless of the question of residue identity between the 
import and humanized residues. 
a. Examine particular peripheral (non-CDR) variable 311 

domain residues that may, due to their position, possi- 
bly interact directly with a macromolecular antigen, 
including the following residues (where the * indicates 
residues which have been found to interact with antigen 
based on crystal structures): 35 
i. Variable light domain: 36,46,49*, 63-70 
ii. Variable heavy domain: 2, 47*, 68, 70, 73-76. 

b. Examine particular variable domain residues which 
could interact with, or otherwise affect, the conforma- 
tion of variable domain CL%, including the following 40 
(not including CDR residues themselves, since it is 
assumed that, because the CDRs interact with one 
another. any residue in one CDR could potentially 
affect the conformation of another CDR residue) 
(L=LIGHT, H-JHEAVY, residues appearing in bold are 45 
iudicated to be structurally important accordin: the 
Chothia et al., Nature 342877 (1989), and residues 
appearing in italic were altered during humanization by 
Queen et al. (PDL), Rot. Natl. Acad. Sci. USA. 
86:10029 (1989) and Proc. Natl. Acad. Sci. U.S.A. 50 
882869 (lYYl).): 
i. Variahle light domain: 

a)77?-1 (residues 24L34L): 2L, IL, 66L-69L, 

bj CDR-2 (residues SOL-56L): 35L, 46L, 47L., 48L, ss 
491,, SSr‘,, 6X, 64L-6612, 71 L, 731, 

cj CDR-3 frcsiduos 89L-97L1: 2L. 4L. 36L. 98L. 
’ 37H, 4ti, 47H, 58H, 60H’ ’ ’ ’ ’ 

ii Variable heavy domain: 
a) CDR-1 (residues 26H-35H): 2H, 4H, 24H, 36H, 60 

71H, 738, 761-I, 781.1, 921.1,’ 94H 
b’, CDR-2 (residues 5OH-55H): 49H. 69H. 69H. 

’ 71H, 73H; 78H 
,  I  ,  I  

c) CDR-3 (residues 95H-iO2H): examine all resi- 
dues as possible inleraction partners with this 65 
loop, because this loop varies in size and confor- 
mation much more than the other CDRs. 

58 
9. If after step 8 the humanized variable domain still is 

lacking iu desired binding, repeat step 8. In addition, 
re-investigate any buried residues which might affect the 
V,-V, interface (but which would not directly affect 
CDR conformation). Additionally, evaluate the accessi- 
bility of non-CUR residues to solvent. 

Example 3 
Engineering a Humanized Bispecific F(ab’)z Fragment 

This example demonstrates the construction of a human- 
ized bispeci& antibody (BsF(ab’)Z vl by separate E. culi 
expression of each Fah’ arm followed by directed chemical 
coupling in vitro. BsF(ab’)* vl (anti-CD3/anti-p18S1-‘) 
was demonstrated to retarget the cytotoxic activity of human 
CD3’ CI’Lin vitro against the human breast tumor cell line, 
SK-RR-3, which overexpresscs the ~185~~ product of the 
protooncogcne HEK2. This example demonstrates the mini- 
malistic humanization strategy of installing as few murine 
residues as possible into a human antibody in order to recruit 
antigen-binding affinity and biological properties compa- 
rable to that of the murinc parent antibody. This strategy 
proved very successful for the anti-pl85’~%rm of BsF 
(ab’)Pl. In contrast BsF(ab’)z vl binds to T cxlls via its 
anti-CD3 arm much less efficiently than does the chimeric 
BsF(ab’~ which contains the variable domains of the murine 
parent anti-CD3 antibody. Here we have constructed addi- 
tional BsF(ab’), fragments containing variant anti-CD3 arms 
with se&ted murine residues restored in an attempt to 
improve antibody hinding to T cells. One such variant, 
BsF(ab’)z v9, was crcatcd by replacing six residues in the 
second hypervariahle loop of the anti-CD3 heavy chain 
variable domain of BsFjab’), vl with their counterparts from 
the murine parent anti-CD3 antibody. BsF(ab’), v9 binds to 
T cells (Jurkat) much more efficiently than dots BsF(ab’), vl 
and almost as efficiently as the chimetic BsF(ah’),. ‘This 
improvement in the efficiency of T cell binding of the 
humanized BsF(ab’), is an important step in its development 
as a 

AR2 
otential therapeutic agent for the treatment of 

p185 -overexpressing cancers. 
Bispecific antibodies (BsAbs) with specificities for 

tumor-associated antigens and surface markers on immune 
elTector cells have proved efEective for retargetiug erector 
cells to kill tumor targets both in vitro and in vivo (reviewed 
by Fanger, M. W. et al., Immunol. Today 10: 92-99 (1989); 
Fanger, M. W. et al., Irwnunol. Toduy 12: 5 1-54 (1991); and 
Nelson, H., Cancer Cells 3: 163-172 (1991)). BsF(ab’), 
fragments have often been used in prefecnce to intact 
BsAbs in retargeted cellular cytotoxicity to avoid the ri5k of 
killing innocent bystander cells binding to the Fc region of 
the antibody. An additional advantage of BsF(ab’), over 
iutact BsAbs is that they are generally much simpler to 
prepare free of contaminating monospecific molecules 
(reviewed hy Songsivilai. S. and Lachmann, P. J., Clin. Exp. 
Immunol. 79: 315-321 (1990) and Nolan, 0. and 
O’Kennedy, R., Biochim. Biophys. Acta 1040: l-11(1990)). 

BsF(ab’), fragments are traditionally constructed by 
directed chemical coupling of Fah’ fragments ohtained by 
limited protcolysis plus mild reduction of the parent rodent 
monocloaal Ab (Brennan, M. et al., Science 229, 81-83 
(1985) and Glennie, M. J. et al., J. Immunol. 139: 
2367-2375 (1987)). One such BsF(ab’), fragment (anti- 
glioma associated antigen/anti-CD3) was found to have 
clinical eflicacy in glioma patients (Nirta, ‘I: et al., Lancer 
335: 368-371 (1990) and another BsF(ab’), (anti-indium 
chelate/anti-carcinoembryonic antigen) allowed clinical 
imaging of colorectal carcinoma (Stickney, D. R. et al., 
Antibo+, Immunoconj. Radiophnrm. 2: 1-13 (1989)). 
Futum BsF(ab’), destined for clinical applications are likely 
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to be constructed from antibodies which are either human or 
at least “humanized” (Riechmann, I,. et al., Nulure 332: 
323-327 (1985) to reduce their immunogcnicity (Hale, G. et 
al., Lnncer i: 1394-1399 (1988)). 

Rccentlv a facile route to a fully humanized BsF(ab’), 
fragment diesigned for tumor immunotherapy has been de, 
onstrated (Shalabv. M. R. et al..J. Em. &fed. 175: 217-225 
(1992)). This appioach involves sepiate E. cc& expression 
of each Fab’ arm followed by traditional directed chemical 
coupling in vitro to form the BsF(a(ab%. One arm of the 
RsF(ab’), was a humanized version (Carter, P. et al., Proc. 
Nat11 A&i. Sci. Uscf (1992a) and Carter, I?, et al., Bill 
Technoloav 10: lG3-167 (1992b)) of the murine monoclonal 
Ah 4D5 Which is directed against the ~185~~* product of 
the pmtooncogene HER2 (c-e&B-2) (Fendly, B. M. et al. 
Cancer Res 50: 1550-1558 (1989)). The humanization of 
the antibody 4D5 is shown in Example 1 of this application. 
The secondarm was a minimalisticrdly humanized anti-CD3 
antibody (Shalaby et aL supra) which was created by install- 
ing the CDR loops from the variable domains of the murine 
uarent monoclonal Ab UCHTl (Beverlev. P. C. L. and 
ballard, R. II., Eul: J. Zmmunol. 11:‘329-334i1981)) into the 
humanized anti-p18SNER2 antibody. The BsF(ab)* fragment 
containing the most potent humanized anti-CD3 variant (vl) 
was demonstrated by flow cytometry to bind specifically to 
a tumor target overexpressing ~185~~ and to human 
peripheral blood mononuclear cells carrying CD3. In 
addition, BsF(ab’)2 vl enhanced the cytotoxic eIfects of 
activated human C’I’L 4-fold against SK-BR-3 tumor cells 
overexpressing of 85 Mm The example describes efforb to . 
improve the anhgen binding affinity of the humanized 
anti-CD3 arm bv the iudicious recruitment of a small 
number of addi&al m&me residues into the minimalisti- 
tally humanized anti-CD3 variable domains. 

Materials and Methods 
Construction of Mutations in the Anti-CD3 Variable Region 
Genes 

The constrnction of genes encoding humanized anti-CD3 
variant 1 (vl) variable light (VI,) and heavy (V,) chain 
domains in phagemid pUC119 has been described (Shalaby 
et al. supra). Additional anti-CD3 variants were generated 
using an efficient site-directed mutagenesis method (Carter, 
l?, Mutagem?Ssis: a practical approach, (M. J. McPherson, 
Ed.), Chapter 1, IRL Press, Oxford, UK (1991)) using 
mismatched oligonuclcotides which either install or remove 
unique restriction sites. Oligonucleotides used are listed 
below using lowercase to indicate the targeted mutations. 
Corresponding coding changes are denoted by the starting 
amino acid in one lelter code followed by the residue 
numbered according to Kabat, E. A. et al., Sequences of 
Pmteinr 01 Pmmunolt~,uicnl Interest, 5” edition, National 
Institutes of Health, Bethesda, Md., U.S.A. (1991), then the 
replacement amino acid and finally the identity of the 
anti-CD3 variant: 

HXll, 5’ <iTAG~~l‘~(:ACAGC~~AtCl~~~l’G 
3’ (SEC2 ID. NO. 11) V,, K75S, ~6; 

X14,5’ ClliWA&~GGTG’lTtCcACCTATnaCcAgAaa~ 
GGatCGTITCAC@WAtcCGTAG,WAAATCC 3’ (SEQ. ID. 
NO. 14) V,, T57~~GOP*‘:D(IlQ:S62~V63F.Ofr5D, ~9; 
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Oligonucleotides HXll, HX12 and HX13 each remove a 
site for BspMI, whereas LX6 removes a site for Xbol and 

60 
HX14 installs a site for EcoRV (bold). Anti-CD3 variant ~10 
was constructed from v9 by site-directed mutagenesis using 
oligonuclcotide HX13. Mutants were verified by dideoxy- 
nucleotide sequencing @anger, F. et al., Proc. Nd Acad 
Sci. USA 74: 5463-5467 (1977-j). 
E. coli Expression of Fab’ Fragments 

The expression plasmid, pAKl9, for the co-secretion of 
light chain and heavy chain Fd’ fragment of the most 
referred humanized anti-n185”-R2 variant- HuMAb4D5-8. 
& described in Carter et a:., 19926, supra. ‘Briefly, the Fab; 
expression unit is hici..tnmic with both chains under the 
transcriptional control of the phoApromoter. Genes encod- 
ing humanized V, and V, domains are precisely fused on 
their 5’ side to a gene segment encoding the heat-stable 
enterotoxin II signal sequence and on their 3’ side to human 
k, Cr, and IgGl C,l constant domain genes, respectively. 
The C,l gene is immediately followed by a sequence 
encoding the hinge sequence CysAlaAla and followed by a 
bacteriophage h t, transcriptional terminator. Fab’ expres- 
sion plasmids for chimcric and humanized anti-CD3 variants 
(vl to v4, Shalaby et al.,supra; v6 to ~12, this study) were 
created from pAK19 by precisely replacing anti-pl85= 
V, ,and V, gene segments with those encoding murine and 
corresponding human?& variants of the anti-CD3 antibody, 
respectively, by sub-cloning and site-directed mutagenesis. 
The Fab’ expression plasmid for the most potent humanized 
anti-CD3 variant identified in this study (~9) is designated 
nAK22. The anti-a18Smm Fab’ fragment was secreted from 
i. coli K12 strain 25F2 containingplasmid pAK19 grown 
for 32 to 40 hr at 37” C. in an aerated 10 liter fermentor. The 
final cell density was 12&150 OD,,, and the titer of soluble 
and functional anti-pl85-’ Fab’ was l-2 g,!liter as judged 
by antigen binding ELISA (Carter et al., 1992b, supra). 
Anti-CD3 Fab’ variants were secreted from E. co& mntain- 
ing corresponding expression plasmids using very similar 
fermentation protocols. The highest expression titers of 
chimeric and humanized anti-CD3 variants were 200 
mg/liter and 700 mgiter, respectively, as judged by total 
immunoglobulin ELTSA. 
Construction of BsF(ab’), Fragments 

Fab’ fragments were directly recovered from E. coli 
fermentation pastes in the free thiol form (Fab’SH) by 
affinity purification on Streptococcal protein G at pH 5 in the 
presence of EDT4 (Carter et al, 1992b supra). Thioether 
linked BsF(ab’), hagments (anti-plS5”““/anti-CD3) were 
constructed by the procedure of Glennie et al. supra with the 
following modifications. Anti-p185rfkf12 Fab’-SH in 100 mM 
Tris acetate, 5 mM EDTA(pH 5.0) was reacted with 0.1 vol 
of 40 mM N,N’-1,2-phenylenedimalemide (o-PDM) in dim- 
ethyl fomlamide for -1.5 hr at 20” C. Excess o-PDM was 
removed by protein G purification of the Fab’ maleimide 
derivative (Fab’-mal) followed by bulTer exchange into 20 
mM sodium acetate, 5 mM ED’fA(pH 5.3) (coupling buffer) 
using centriprep-30 concentratom (A&con). The total con- 
centration of Fab’ variants was estimated from the measured 
absorbance at 280 nm (HuMAh4D5-8 Fab! e“146=1 .56, 
Carter et al., 1992b. supra). The free thiol content of Fab’ 
preparations was estimated by reaction with 5,5’-dithiobis 
(Z-nitrobenzoic acid) as described by Crcighton, T. E., 
Protein structure: a practical approach, (T. E. Creighton, 
Ed.), Chapter 7, IRL Press, Oxford, UK (1990). Equimolar 
amounts of anti-~185~~ Fab’-ma1 (assuming quantitative 
reaction of Fab’-SH with o-PDhl) and each anti-CD3 Fab’- 
SH variant were coupled together at a combined concentra- 
tion 01’ 1 to 2.5 m&nI in the coupling buffer for 14 to 48 hr 
at 4O C. The coupling reaction was adjusted to 4 mM 
cysteine at pH 7.0 and incubated for 1.5 min at 20” C. to 
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reduce anv unwanted disul6de-linked F(ab’h formed. ‘These 
reduchon- conditions are sufficient to ‘red&e inler-heavy 
chain disulfide bonds with virtuallv no reduction of the 
disulfide between light and heavy dhains. Any free thiols 
generated were then blocked with 50 mM iodoaetamide. 
BsF(ab’), was isolated from the coupling reaction by SlOO- 
HR ‘(Phlarmacia) size exclusion ‘&malograpl& (2.5 
cmxlO0 cm) in the nresence of PBS. The BsF(ab?, samples 

(Fab’-mal) and then coupled to the Fab’-SH for each anti- 
CD3 variant. F(ab’)Z was fhen purified away from unreacted 
Fab’ by size exclusion chromatography as shown for a 
representative preparation (BsF(ab’), v8) in data not shown. 
The F(ab’), fragment represents -54% of the total amount of 
antibody fragments (by mass) as judged by integration of the 
chromatograph peaks. 

were passd through a 0.2 mm filler flash fr&eLin Ii&id 
nitrogen and stored al -70” C. 
Flow Cytometric Analysis of F(ab’), Binding to Jurkat Cells 

The Jurkat human acute T cell leukemia cell line was 
purchased from the American T-e Culture Collection 
(10801 University Blvd., Manassas, Va.) (Al’CC TIB 152) 
and grown as recommended by the ATCC. Aliquots oC 1Oh 
Jurkat cells were incubated with appropriate concentrations 
of BsF(ab’), (anti-pl.85 HER2/anti-CD3 variant) or control 
mono-specific anti-p185’ZR2 F(ab’), in PBS plus 0.1% (w/v) 
bovine serum albumin and 10 mM sndium azide for 45 min 
at 4” C. The cells were washed and then incubated with 
fluorescein-conjugated goat anti-human F(ab’), (Organon 
Teknika, West Chester, Pa.) for 45 min at 4’ C. Cells were 
washed and analyzed on a FACScan (Becton Dickinson and 
Co., Mountain View, Calif.). Cells (8~10~) were acquired by 
list mode and gated by forward hght scatter verSus side light 
scatler excluding dead cells and debris. 

SDS-PAGE analysis of this BsF(ab’h v8 preparation 
under non-reducing conditions gave one major band with the 
expected mobility (M;96 kD) as well as several very minor 
bands (data not shown). Amino-terminal sequence analysis 
of the major band after electroblotting on to polyvinylidene 
dilluoride membrane Matsudaira, P., J. Bid. Chem. 
262:10035-10038 (1987) gave the expected mixed sequence 
from a stoichiomctric 1:l mixture of light and heavy chain,, 
(VJV,: DE, l/V, Q/Q, M/L, TN, Q/E, S/S) expected for 
BsF(ab’X. The amino terminal region of both light chains are 
identical as are both heavy chains and correspond to con- 
sensus human FR sequences. We have previously demon- 
strated that F(ab’)* constructed by directed chemical wu- 
uline carrv both anti-n1851Em and anti-CD3 antieen 

Results 
Design of Humanirxd And-CD3 Variants 
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‘The most potent humanized anti-CD3 variant previously 
identified, vl, differs from the murine parent antibody, 
UCHTl at 19 out of 107 amino acid residues within V, and 
at 37 out of 122 positions within V,, (Shalaby et al,supra) 
1992). Here we recruited back additional murine residues 
into anti-CD3 vl in an attempt to improve the binding 
affinity for CD3. The strategy chosen was a compromise 
between minimizing both the number of additional murine 
residues recmitetl and the number of anti-CD3 variauls to be 
analyzed. We focused our attentions on a few CUR readues 
which were originally kept as human sequences in our 
minimalistic humanization regime. Thus human residues in 
V,, CDR2 of anri-CD3 vl were replaced en bloc with [heir 

* murine counterparts to give anti-CD3 v9: 
TS7S:AhON,DhlQ:S62K:V63F:G65D (SEQ ID NO: 20) 
(FIG. 5). Similarly, the human residue F!.5.5 in V, CDR2 of 
anti-CD3 vl was replaced with histidine from the murine 

p anti-CD3 antibody to generate anti-CD3 vll. In addition, 
V, framework region (FR) residues 75 and 76 in anti-CD3 
vl were also replaced with their murine counterparts to 
create anti-CD3 v8: K75S:N76S. V,residues 75 and 76 are 
located in a loop close to V,CDRl and CDR2 and therefore 
might influence antigen binding. Additional variants created 
by combining mutations at these three sites are described 
below. 
Preparaticm of BsF(ab’)? Fragments 

I I 1 

spe&icities (Shalaby et al., supra). The level of contam&& 
tion of the BsF(ab’), with monospecific F(ab’), is likely to be 
very low since mock coupling reactions with either anti- 
p185 Zm Fab’-ma1 or anti-CD3 Pa@-SH alone did not yield 
detectable quantities of F(ab’),. Furthermore the coupling 
reaction was subjected to a mild reduction step followed by 
alkylation to remove trace amounts or disulfide-linked 
F(ab’), that might be present. SDS-PAGE of the purified 
F(ab’), under reducing conditions gave two major hands 
with electrophoretic mobility and amino terminal sequence 
anticipated for free light chain and thioether-linked heavy 
chain dimcrs. 

Scanning LASER densitometry of a o-PDM coupled 
F(ab’), preparation suggest that the minor species together 
represent -10% of the protein. These minor contaminants 
were characterized by amino terminal .seyuence analysis and 
were tentalively identitied on the basis of stoichiometry of 
light and heavy chain .sequences and their electrophomtic 
mobility (data not shown). These data are consistent with the 
minor contaminants including imperfect F(ab’),,in which the 
disulfide bond between light and heavy chains 1s missing in 
one or both arms, trace amounts of Fab’ and heavy chain 
thioether-linked to light chain. 
Binding of BsF(abh to Jurkat Cells 

Binding of BsF(ab’), containing different anti-CD3 vari- 
ants to Jurkat cells (human acute T cell leukemia) was 
investigated by flow cytometry (data not shown). BsF(ab’), 
v9 binds much more efficiently to Jurkar cells than does our 
starting molecule, BsF(ab’), vl, and almost as elliciently as 
the chimeric BsP(ab& Installation of additional murine 
residues into anti-CD3 v9 to creale v10 (V,, K75S:N76S) 
and ~12 (V, K75S:N76S plus V, E55H) did not further 
imorove bindine of corresoondine BsFcab’L to hrkdl cells. 

Soluble and functional anti-p185’Em and anti-CD3 Fab’ 
fragments were recovered directly from corresponding E. 
coli fermentation pastes with the single hinge cyst&e 
predominantly in the free thiol form (75-100% Fab’-SH) by 
affinity purification on StreptoLmccalprotein G at pH 5 in the 
presence of EDTA (Carter et aL, 1992b, supra). Thioether- 
linked BsF(ab’), fragments were then constructed by 
directed coupling using o-PDM as descriied by Glennie et 
al., supra. One arm was always the most potent humanized 
anti-pl85-’ variant, HuMAb4D5-8 (Carter et al., 1992~1, 
supra) and the other either a chimeric or humanized variant 
of the anti-CD3 antibody. Anti-p18SZfm Fab’-SH was 
reacted with o-PDM to form the maleimide derivative 

No; did recruitment of these mu&e rehd& into anti-CD3 
vlimprove Jurkat binding: V,, K75S (vs), V,, N76S (v7), 
V,K75S:N76S (v8), V, E55H (~11) (not shown). BsF(ab’), 
v9 was chosen for future study since it is amongst the most 
efficient variants in binding to Jurkat cells and contains 
fewest murine residues in the humanized anti-CD3 arm. A 
monospecific anti-p18SMLR2 F(ab’), did not show significant 
binding to Jurkat cells consistent with the interaction being 
mediated through the anti-CD3 arm. 

60 

65 

62 

Discussion 
A minimalistic strategy was chosen to humanize the 

anti-p185*ZR2 (Carter et al., 1992a, supra) and anti-CD3 
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arms (Shahby et al, supra) of the BsF(ab’& in this study in 
an attempt to minimize the potential immunogenicity of ihe 
resulting humanized antibody in the clinic. Thus we tried to 
install the minimum number of murine CDR and FR resi- 
dues into the context of consensus human variable domain 
sequences as recluired to recruit antigen-binding affinity and 
biological propcrtics comparable to the murine parent anti- 
body. Molecular modeling was used firstly to predict the 
murine FR residues which might be important to antigen 
binding and secondly to predict the murine CDR residues 
that might not be required. A small number of humanized 
variants were then constructed to test these predictions. 

Our humanization strategy was very successful for the 
anli-p18SH?~* antibody where one out of eight humanized 

IuMAb4D5 8, 
;;;;;;5!zFE - 

IgG 1) was identified that bound 
anhgen -3-fold more tightly than the parent 

murine antibody (Carter et al., 1992a, snpra). HuMAb4D5-8 
contains a total of five murine FR residues and nine murine 
CDR residues, including V, CDR:! residues 60-65, were 
discarded in favor of human counterparts. In contrast, BsF 
(ab’), vl containing the most potent humanized anti-CD3 
variant out of four originally constructed (Shalaby et al., 
supta) hinds 56 cells with an affinity (Kj) of 140 nM which 
is -7O-fold weaker than that of the corresponding chimeric 
BsF(ab’),. 

Here we have restored T cell binding of the humanized 
anti-CD3 close to that of the chimeric variant by replacing 
six human residues in V,, CDRZ with their murine coun- 
terparts: ‘1’57S:A6ON:D61Q:S62K:V631?G65D (anti-CD3 
v9, FIG. 5). It appears more likely that these murine residues 
enhance antigen binding indirectly by influencing the con- 
formation of residues in the N-terminal part of V, CDR2 
rather than by directly contacting antigen. Pirstly, only 
N-terminal residues in V, CDR2 (50-S8) have been found 
to contact antigen in one or more of eight crystallographic 
structures of antibody/antigen complexes (Kabat et al., 
supra; and Mian, I. S. et al., J. AfuZ. Bid. 217: 133-151 
(IUYl), FIG 5). Secondly, molecular modeling suggests that 
residues in the C-terminal part of V,, CDR2 are at least 
partially buried (PIG. 5). BsP(ab’), v9 binds to SK-RR-3 
breast tumor cells with equal egciency to BsF(ab’)Z vl and 
chimeric BsP(ab’), as anticipated since the anti-plSS’m= 
arm is identical in all of these molecules (Shalaby et al., 
supra, not shown). 

Our novel approach to the construction of BsF(ab’), 
fragments espIoits an E. coli expression system which 
secretes humanized Fab’ fragments at gram per liter titers 
and permits their direct recovery as Fab’-SH (Carter et al., 
1992b, supra). Traditional directed chemical coupling of 
Pab’SH fragments is then used to form BsP[ab’),in vitro 
(Rrennan et al.,supra; and Glennie et al., spa). This route 
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to Fab’-SH obviates problems which are mherent in their 
generation from intact antibodies: differences in suscepti- 
bility to proteolysis and nonspecific cleavage resulting in 
heterogeneity, low yield as well as partial reduction that is 
not completely selective for the hinge disulfide bonds. The 
strafegy of using E. c&-derived Fab’-SH containing a single 
hinge cysteino abolishes some sources of hcterogcncity in 
BsF(ab’),preparation such as intra-hinge disulfide formation 
and contamination with intact parent antibody whilst greatly 
diminishes others, eg. formation of F(ab’), fragments. 

BsF(ab’), fragments constructed here were thioether- 
linked as originally described by Glenme et al., supra with 
future in vivo testing of these molecules in mind. Thioether 
bonds, unlike disulCdc bonds, are not susceptible to cleav- 
age by trace amounts of thiol, which led to the proposal that 
thioether-linked F(ab’), may be more stable than disulfide- 
linked F(ab’), in viva (Glennie et al., supra). ‘l’his hypothesis 
is supported by our preliminary pharmacokinetic experi- 
ments in normal mice which suggest that thioether-linked 
RsF(ab’)Z vlhas a 3- fold longer plasma residence time than 
BsF(ab’), vl linked by a single disulfide bond. Disulfide and 
thioether-linked chime& BsF(ab’), were found to be indis- 
tinguishable in their efficiency of cell binding and in their 
retargeting of GIL cytotoxicity, which suggests that o-PDM 
directed coupling does not compromise binding of the 
BsF(ab’), to either antigen (not shown). Nevertheless the 
nature of the linkage appears not to be critical since a 
disultide-linked BsP(ab’), (mu&e anti-p 185zmn2/murine 
anti-C’D3) was recently shown by others (Nishimura et al., 
Znr. J. Cancer SO: 800-804 (1992) to have potent anti-tumor 
activity in nude mice. Our previous study (Shalaby et al., 
supra) together with this one and that of Nishimura, T. ct al, 
supra improve the potential for using RsF(ah’), in targeted 
immunotherapy of p185”‘em-overexpressing cancers in 
humans. 

Example 4 
Humanization of an Anti-CDlS Antibody 

A murine antibody directed against the leukocyte adhe- 
sion receptor P-chain (known as the H52 antibody) was 
humanized and several versions were created following the 
methods described above. FIGS. 6A .and 6B provide amino 
acid sequence comparisons for light chains and heavy chains 
of the murine and a preferred humanized antibody. FIG. 7A 
shows an amino acid sequence alignment of the sequences 
of thirteen humanized II52 variants (SEQ. ID. NOs 26-35); 
PIG. 7B shows an ammo acid sequence alignment of two 
humanized II52 light chain variants (SEQ. ID. NOs 39-40). 
A specitic light chain amino acid sequence may be paired 
with a selected heavy chain amino acid sequence to obtain 
antbody or antibody fragment molecules with desired bind- 
ing characteristics. 

SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(iii) NUMBER OF SEQUENCES: 47 

(2) INFORMATION FOR SEQ ID X0:1: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 109 amino acids 
(B) TYPE: Amino Acid 
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-continued 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

Asp Ile Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val 
1 5 10 15 

Gly Asp Arg Val Thr Ile Thr Cy6 Arg Ala ser Gin Asp Val Asn 
20 25 30 

Thr Ala Val Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lye 
35 40 45 

Leu Leu ILe Tyr Ser Ala Ser Ph e Leu Glu Ser Gly Val Pro Ssr 
50 55 60 

Arg Phe Ser Gly Ser Arg Ser Gly Thr Asp Phe Thr Leu Thr Ile 
65 70 75 

Ser Ser Leu Gin Pro GlU Asp Phz Ala Thr Tyr Tyr Cys Gin Gin 
SO 85 90 

His Tyr Thr Thr Pro Pro Thr Phe Gly Gin Gly Thr Lys val Glu 
95 100 105 

Ile Lys Arg Thr 
109 

(2) INPOF.NATION FOR SEQ ID NO:2: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 120 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SE:QUENCE DESCRIPTION: SEQ ID NO:Z: 

Glu Val Gin Leu Val Glu Ser Gly GLy Gly Leu VaL Gin Pro Gly 
1 5 10 15 

Gly Ser LEU Arg Leu Ser Cys Ala Ala Ser Gly Phe Asn Ile Lys 
20 25 30 

Asp Thr Tyr ILe Xis Trp Val Arg Gln Ala Pro Gly Lys Gly Lsu 
35 40 45 

Glu l'rp Val Ala Ary Ile Tyr Pro Thr Asn Gly Tyr Thr Ary Tyr 
50 55 60- 

Ala Asp Ser Val Lys Gly Ary Phe Thr Ile Ser Ala Asp Thr Ser 
6.5 70 75 

Lys Asn Thr Ala Tyr Leu Gin Met Asn Ser Leu Arg Ala Glu A6p ' 
80 85 90 

Thr Ala VaL Tyr Tyr Cys Ser Arq Trp Gly Gly Asp Gly Phe Tyr 
95 100 105 

Ala Met Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser 
110 115 120 

(2) INFORMATION FOR SEQ ID NO:3: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 109 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: 

Asp Ile Gln Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val 
1 5 10 15 

Gly Asp Ary Val Thr Ile Thr Cys Arq Ala Ser Gln Asp Pal Sar 
20 25 30 

Ser Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys 
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35 40 45 

Leu Leu Ile Tyr Ala Ala Ser Ser Leu Glu Ser Gly Val Pro Ser 
50 55 60 

Arg Bhe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile 
65 70 75 

S*r Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cye Gln Gin 
80 85 90 

Tyr Am Ser Leu Pro Tyr Thr Phe Gly Gin Gly Thr Lys Val Glu 
95 100 105 

Ile Lys Ary Thr 
109 

(2) INFOiWATION FOR SEQ ID NO:4: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 120 amino acids 
(73) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:I: 

Glu Val G.Ln Leu Val Glu Ser Gly Gly Gly Leu Val Gin Pro Gly 
1 5 10 1s 

Gly Ser Lt?u Arq Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser 
20 25 30 

Asp Tyr Ala Met Ser Trp Val Axq Gin Ala Pro Gly Lys Gly Leu 
35 40 45 

Glu Trp Val Ala Val Ile Ser Glu Am Gly Ser Asp Thr Tyr Tyr 
50 55 60 

Ala A6p Ser Val Lys Gly Arq Phe Thr Ile Ssr Arq Asp Asp Ser 
65 70 75 

Lys Asn Thr Leu Tyr Leu Gin Met Am Ser Leu Arg Ala Glu Asp 
80 85 90 

Thr Ala Val Tyr Tyr Cys Ala At-9 Asp Arg Gly Gly Ale Val Ser 
95 100 105 

Tyr Phe Asp Val Trp Gly Gin Gly Thr Leu Val Thr Val Ser See 
110 115 120 

(2) INFORMATION FOR SEQ ID NOt5: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 109 amino acids 
(13) TYPE: Amino Acid 
(II) TOPOLOGY: Linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID No:~: 

Asp Ile Val Met Thr Gin Ser His Lys Phe Met Ser Thr Ser Val 
1 5 10 15 

Gly Asp Arg Val Ser Ile Thr Cys Lys Ala Ser Gln Asp Val Asn 
20 25 30 

Thr Ala Val Ala Trp Tyr Gln Gln Lys Pro Gly His Ser Pro Lys 
35 40 45 

Leu Leu Ile Tyr Ser Ala Ser Phe Arq Tyr Thr Gly Val Pro Asp 
SO 55 50 

Arg Phe Thr Gly Asn Arg Ser Gly Thr Asp Pha Thr Phe Thr Ile 
65 70 75 

Ser Ser Vnl Gln Ala Glu Asp La Ala Val Tyr Tyr Cys Gln Gin 
80 85 90 
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His Tyr Thr Thr Pro Pro Thr Phe Gly Gly Gly Thr Lys Leu Glu 
95 100 105 

Ile Lys Arg Ala 
109 

(2) INFORMATION FOR SEQ ID NO:6: 

(i) SEQUENCE CHhRACTERISTICS: 
(A) LENGTH: 120 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SBQ ID NO:6: 

Glu Val Gin Leu Gin Gin Ser Gly Pro Glu Leu Vnl Lys Pro Gly 
1 5 10 15 

Ala Ser Leu Lys Leu Ser Cys Thr Ala Ser Gly Phe Asn Ile Lys 
20 25 30 

Asp Thr Tyr Ile His Trp Val Lys Gin Arg Pro Glu Gin Gly Leu 
35 40 45 

Glu Trp Ile Gly Arg Ile Tyr Pro Thr Am Gly Tyr Thr Arg Tyr 
50 55 60 

Asp Pro Lys Phe Gin Asp Lys Ala Thr Ile Thr Ala Asp Thr Ser 
65 70 75 

Ser Asn Thr Ala Tyr Leu Gln Val Ser Arq Leu Thr Ser Glu Asp 
80 85 90 

Thr Ala Val Tyr Tyr Cys Ser Arq Trp Gly Gly Asp Gly Phe Tyr 
95 100 105 

Ala Met Asp Tyr Trp Gly Gin Gly Ala Ser Val Thr Val Ser Ser 
110 115 120 

(2) INFORMATION FOR SEQ ID NO:7: 

(i) SEQUENCE CiiAP.ACTERISTICS: 
(A) LENGTH: 27 base pairs 
(13) TYPE: Nucleic Aaid 
(C) STRANDEDNESS: Single 
(I)) TOPOLOGY: Linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:7: 

TCCGATATCC AGCTGACCCA GTCTCCA 

(2) INFORMATION FOR SEQ ID NO:8: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 31 base pairs 
(B) TYPE: Nucleic Acid 
(C) STRANDEDNESS: Single 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8: 

GTTTGATCTC CAGCTTGGTA CCXSCDCCGA A 

(2) l.NFORMATION FOR SEQ ID NO:P: 

(i) SEQIJENCE CHARACTERISTICS: 
(A) LENGTH: 22 base pairs 
(Bl TYPE: Nualsic Acid 
(Cl STRANDEDNESS: Single 
(D\ TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:P: 

AGGTSMARCT CXAGSAGTCU GG 

27 

31 

22 
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(2) INFORMATION FOR SEQ ID NO:10: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 34 base pairs 
(B) TYPE: Nucleic Acid 
(C) STRANDEDNESS: Single 
(D) TOPOLOGY: Linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:lO: 

TGAGGAGACG GTGACCGTGG TCCCTTGGCC CCAG 34 

(2) INFORMATION FOR SEQ ID NO:ll: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 36 bass pairs 
(B) TYPE: Nucleic Acid 
(C) STRANDEDNESS: Single 
(D) TOPOLOGY: Linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:ll: 

GTAGATAAAT CCTCTAACAC AGCCTATCTG CAAATG 36 

(2) INFOP.W.TION FOR SEQ ID NO:12: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 36 base pairs 
(5) TYPE: Nucleic Acid 
('"1 STRANDEDNESS: Sinale 
iDj TOPOLOGY: Linear A 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12: 

GTAGATAAAT CCAAATCTAC AGCCTATCTG CAAATG 

(2) INF'ORMATION FOR SEQ ID NO:13: 

(i) SEQUENCE CRAR&CTERISTICS: 
(A) LENGTH: 36 base pairs 
(B) TYPE: Nucleic Acid 
(c') STRANDEDNESS: Single 
(El) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:13: 

GTAGATAAAT CCTCTTCTAC AGCCTATCTG CAAATG 36 

(2) 1NFOR"ATION FOR SEQ ID NO:14: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 68 base pairs 
(B) TYPE: Nucleic Acrd 
(Cl STRANDEDNESS: Sinale 
iDi TOPOLOGY: Linear - 

(xi) SEQUENCE DESCRIPTSON: SEQ ID NO:14: 

CTTATAAAGG 'PGTTTCCACC TATAACCAGA AATTCAAGGA TCGTT'KACG 

ATATCCGTAG ATAAA'KC 

(2) WFoPAATION FOR SEQ ID NO:lS: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 30 base pairs 
(B) TYPE: Nucleic Acid 
(C) STPANDEDNESS: Single 
{D) TOPOLOGY: Linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:15: 

CTATACCTCC CGTCTGCATT CTGGAGTCCC 

36 

50 

68 

30 



6,054,297 
74 

-continued 

(2) INFORMATION FOR SEQ ID N0:16: 

(i) SEQUENCE CXARACTERISTICS: 
(A) LENGTH: IO? amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:16: 

Asp Ile Gin Met Thr Gln Thr Thr Ser Ser Leu Ser Ala Ser ~eu 
1 S 10 15 

Gly Asp Arg Val Thr Ile Ser Cys Arg Ala Ser Gin Asp Ile Arg 
20 2s 30 

Am Tyr Ldu Asn Trp Tyr Gin Gin LyS Pro Asp Gly Thr Val Lys 
35 40 45 

Leu Leu Ile Tyr Tyr Thr Ser Arg Leu His Ser Gly Val Pro Ser 
50 5s 50 

Lys Phe Ser Gly Ser Gly Ser Gly Thr Asp Tyr Ser Leu Thr Ile 
65 70 75 

Ser Am LEU Glu Gln Glu Asp Ile Ala Thr Tyr Phe Cys Gln Gin 
80 85 90 

Gly Asn Thr Leu Pro Trp Thr Phe Ala Gly Gly Thr Lys Leu Glu 
9s IOG 105 

Ile Lys 
1c7 

(2) INFORMATION FOR SEQ ID NO:17: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 107 amino acids 
(B) TYPE: Amino Acid 
(13) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID No:17: 

Asp Ile Gin #et Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val 
1 S 10 15 

Gly Asp Arq Val Thr Ile Thr Cys Ary Ala Ser Gin Asp Ile Ary 
2c! 25 30 

Asn Tyr Leu Asn Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys 
3s 40 45 

La Leu Ile Tyr Tyr Thr Ser Arg Leu Glu Ser Gly Val Pro Ser 
50 5s 60 

Arg Phe Ser Gly Ser Gly Sex Gly Thr Asp Tyr Thr Leu Thr Ile 
65 70 75 

Ser Ser Leu Gin Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gin 
80 85 90 

Gly Asn Thr Leu Pro Trp Thr Phe Gly Gln Gly Thr Lys Val Glu 
95 100 105 

Ile Lys 
107 

(2) INFORMATION FOR SEQ ID NO:18: 

(i) SEQUENCE CHAP.ACTERISTICS: 
(A) LENGTH: 107 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:18: 
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Asp Ile Gln Met Thr Gin Ser Pro Ser Ser Leu Ser Ale Ser Val 
1 5 10 15 

Gly Asp Acg Val Thr Ile Thr Cys Arg Ala Ser Gin Ser Ile Ser 
20 25 30 

Asn Tyr Le" Ala Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys 
35 40 45 

Le" Le" I:ie Tyr Ala Ala Ser Sex Leu Glu Ser Gly Vnl Pro SPT 
50 55 60 

At-9 Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ila 
65 70 75 

Ser Ser Lew Gin Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gin Gin 
80 85 90 

Tyr Asn SEC Leu Pro Trp Thr Phe Gly Gin Gly Thr Lys Val Glu 
95 100 105 

1le Lys 
105 

(2) INFORJlATION FOR SEQ ID NO:19: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 122 amino acids 
(8) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:19: 

Glu Val Gin Leu Gin Gln Ser Gly Pro Glu Leu Val Lys Pro Gly 
1 5 10 15 

ALa Ser Met Gys Ile Ser Cys Ly6 Ala Ser Gly Tyr Ser Phe Thr 
20 25 30 

Gly Tyr Thr- Met Am Trp Val Lys Gin Ser His Gly Lya Am Leu 
i5 40 45 

GLu Trp Met Gly Leu Ile Asn Pro Tyr Lys Gly Val Ser Thr Tyr 
50 55 60 

Asn Gin Lys Phe Lys Asp Lys Ala Thr Leu Thr Val Asp Lya Ser 
65 70 75 

Ser Ser Thr Ala Tyr Net Glu LeU LeU Ser Leu Thr Ser Glu Asp 
80 85 90 

Ser Ala Val Tyr Tyr Cys Ala Arg Ser Gly Tyr Tyr Gly Asp Ser 
95 100 105 

Asp Trp Tyr Phe Asp Val Tcp Gly Ala Gly Thr Thr Val Thr Val 
110 115 I20 

ser ser 
122 

(2) INFORMATION FOR SEQ SD NO:ZO: 

(1) SEQUENCE CXAPACTERISTICS: 
(A) LENGTH: 122 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:ZO: 

Glu Val Gin Leu Val Glu Sar Gly Gly Gly Leu Val Gin Pro Gly 
1 5 10 15 

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Ser Phe Thr 
20 25 30 

Gly Tyr Thr Met Asn Trp Val Arq Gln Ala Pro Gly Lys Gly Leu 
35 40 45 
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Glu Trp Val Ala Leu Ile Asn Pro Tyr Lys Gly Val Ser Thr Tyr 
50 55 60 

Asn Gin Lys Phe Lys Asp Arg PhC. Thr Ile Ser Val Asp Lys Ser 
65 70 75 

Lys Asn Thr Ala Tyr Leu Gin Mat Asn Ser Leu Arg Ala Glu Asp 
80 a5 PO 

Thr Ala Val Tyr Tyr Cys Ala Arg Ser Gly Tyr Tyr Gly Asp Se+ 
95 100 105 

Asp Trp Tyr Phe Asp Val Trp Gly Gin Gly Thr Leu Val Thr Val 
110 115 120 

Ser Ser 
122 

(2) INFORMATION FOR SEQ ID NO:Zl: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 122 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:21: 

Glu Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Gin Pro Gly 
1 5 1G 15 

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser 
20 25 30 

Ser Tyr Ala Met Ser Trp Val Arg Gin Ala Pro Gly Lys Gly Leu 
35 40 45 

Glu Trp Val Ser Val Ile Ser Gly Asp Gly Gly Ser Thr Tyr Tyr 
50 55 60 

Ala Asp Ser Val Lys Gly Arg Phz Thr Ile Ser Arg Asp Am Ser 
65 70 75 

Lys Asn The Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp 
80 85 90 

Thr Ala Va.L Tyr Tyr Cys Ala Arg Gly Arg Vsl Gly Tyr Set Leu 
95 lO@ 105 

Ser Gly Leu Tyr Asp Tyr Trp Gly Gin Gly Thr Leu Val Thr Val 
110 115 120 

set ser 3 
122 

(2) INFORMATION FOR SEQ ID N0:22: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 454 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGS: Lineat- 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:22: 

Gln Val Gln Leu Gln Gln Ser Gly Pro Glu Leu Val Lys Pro Gly 
1 5 10 15 

Ala Ser Val Lys Ile Ser Cys Lys Thr Ser Gly Tyr Thr Phe Thr 
20 25 30 

Glu Tyr Thr Met His Trp Met Lys Gln Ser His Gly Lys Ser Leu 
35 PO 45 

Glu Trp Ile Gly Gly Phe Am Pro Lys Am Gly Gly Ser Ser His 
50 55 60 

?wn Gln Arg Phe Met Asp Lys Ala Thr Leu Ala Val Asp Lye Ser 



6,0.54,297 
79 so 

-continued 

65 70 75 

Thr Ser Thr Ala Tyr Met Glu LPU Arg Set Leu Thr Ser Glu Asp 
80 85 90 

Ser Gly 11’2 Tyr Tyr Cys Ala Arg Trp Arg Gly Leu Aen Tyr Gly 
95 lO(! 105 

Pha Asp Val Arg Tyr Phe Asp Val Trp Gly Ala Gly Thr Thr Val 
110 115 120 

Thr Val S'er Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu 
125 130 135 

Ala Pro 5er Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly 
140 145 150 

Cys Leu Val Lys Asp Tyr Pha Pro Glu Pro Val Thr Val Ser Trp 
155 160 165 

Am Ser Gl.y Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val 
170 175 iao 

Leu Gin Ser Ser Gly Leu Tyr Ser Leo Ser Ser Vel Val Thr Vnl 
185 190 195 

Pro Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn 
200 205 210 

His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys 
215 220 225 

Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu 
230 235 240 

Leu Leu Gly Gly Pro Ser Vs.1 Phe Leu Phe Pro Pro Lys Pro Lys 
245 250 255 

Asp Thr Leu Met Ile Ser kg Thr Pro Glu Val Thr Cys Val Val 
250 265 270 

val Asp Val Ser His Glu Asp Pro Glu Vnl Lys Phe Asn Trp Tyr 
275 280 285 

Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu 
290 295 300 

Glu Gln Tyr Am Ser Thr Tyr Arg Val Val Ser Val Leu The Val 
305 310 D 315 

Leo HiS Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys val 
320 325 330 

Ser Asn Lys Ala Le" Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys 
335 340 345 

Ala Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro 
350 355 360 

Ser Arg GlU Glu Met Thr Ly6 Asn Gin Val Ser Leu Thr Cys Leu 
365 370 375 

Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser 
380 385 390 

Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu 
395 400 405 

Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp 
410 415 420 

Lys Ser Arg Trp Gin Gin Gly Am Val Phe Ser Cys Ser Val Net 
425 430 435 

His Glu Ala Leu His Am His Tyr Thr Gln Lys Ser Leu Ser Leu 
440 445 550 

Ser Pro Gly Lys 
454 
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(2) INFORMATION FOR SEQ ID NO:23: 

(i) SEQUENCE CHARACTERISTICS: 
(Al LENGTH: 469 amino acids 
iBj TYPE: Amino Acid 
(II) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:23: 

Met Gly Trp Sex Cys Ile Ile Leu Phe Leu Val Ala Thr Ala Thr 
1 5 10 15 

Gly Val His Ser Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu 
20 25 30 

Val Gln Pro Gly Gly Ser Leu Arg Leu Ser CyS Ala Thr Ser Gly 
35 40 45 

Tyr Thr Phe Thr Glu Tyr Thr Met His Trp Met Arg Gln Ala Pro 
50 55 60 

Gly Lys Gly Leu Glu Trp Val Ala Gly Ile Asn Pro Lys Asn Gly 
65 70 75 

Gly Thr Ser His Asn Gln Arg Phe Met Asp Arg Phe Thr Ile Ser 
80 85 90 

Val Asp Lys Ser Thr Ser Thr Ala Tyr Met Gln Met Asn Ser Leu 
95 100 105 

Arg Ala Glu Asp Thr Ala Vnl Tyr Tyr Cys Ala Arq Trp Arg Gly 
110 115 120 

Leu Am Tyr Gly Phe Asp Val .Arg Tyr Phe Asp Val Trp Gly Gln 
125 130 135 

Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Ly6 Gly Pro Ser 
140 145 150 

Val Phe Pro Leu Ala Pro Cys S2r Arg Ser Thr Ser Glu Ser Thr 
155 160 165 

Ala Ale Leu Gly Cys Leu Val Lys AsP Tyr Phe Pro Glu Pro Val 
170 I75 180 

Thr Val Sex Trp Asn 5er Gly Ala Leu Thr Ser Gly Val His Thr 
185 190 195 

Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser 
200 205 210 

Val Val Thr Vnl Thr Ser Ser A5n Phe Gly The Gin Thr Tyr Thr 
215 220 225 

Cys Asn Val Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys Thr 
230 235 240 

Val Glu Arg Lys Cys Cys Val Glu Cys Pro Pro Cys Pro Ala Pro 
245 250 255 

Pro Val Ala Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys 
260 265 270 

Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Pal Val 
275 280 285 

Val Asp Val Ser His Glu Asp Pro Glu Val Gin Phe Asn Trp Tyr 
29c 295 300 

Val Asp Gly Met Glu Val His Am Ala Lys Thr Lys Pro Arg Glu 
305 310 315 

Glu Gln Phe Asn Ser Thr Phe Arg Val Val Ser Val Leu Thr Val 
320 325 330 

Val His Gln Asp Trp Leu Am Gly Lys Glu Tyr Lys Cys Lye Val 
335 340 345 
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Ser Asn Lys Gly Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys 
350 355 360 

Thr Lys Gly Gln Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro 
365 370 375 

Ser Arg GXu Glu Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu 
380 385 390 

Vel Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser 
395 400 405 

Asn Gly Gin Pro Glu Asn Aen Tyr Lys Thr Thr Pro Pro Met Lru 
410 415 420 

Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Vsl Asp 
425 430 435 

Lys Ser Arg Trp Gin Gin Gly Asn Val Phe Ser Cys Ser Val Met 
440 445 450 

His Glu Ala Leu His Am His Tyr Thr Gin Lys Ser Leu Ser Leu 
455 460 465 

Ser Pro Gl-y Lys 
469 

(2) INFORMATION FOR SEQ ID NO:24: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 214 amino acids 
(B) TYPE: Amino Acid 
(II) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:24: 

Asp Val Gin Met Thr Gln Thr Thr Ser Ser Leu Ser Ala Ser Leu 
1 5 10 15 

Gly Asp Arq Val Thr Ile Asn Cys Arq Ala Ser Gin Asp Ile Asn 
20 25 30 

Asn Tyr Leu Asn Trp Tyr Gin Gin Lys Pro Asn Gly Thr Val Lys 
35 40 45 

Leu Leu Ile Tyr Tyr Thr Ser Thr Leu His Ser Gly Val Pro Ser 
50 55 60 

Ary Phe Ser Gly Ser Gly Ser Gly Thr Asp Tyr Ser Leu Thr Ile 
65 70 75 

Set Asn Leu Asp Gin GlU Asp Ile Ala Thr Tyr Phe Cys Gin Gln 
80 85 90 

Gly Asn Thr Leu Pro Pro Thr Phe Gly Gly Gly Thr Lys Val Glu 
95 100 105 

Ile Lys Arg Thr Val Ala Ala Pro Ser Val Phe Ile Phe Pro Pro 
110 115 120 

Ser Asp Glu Gin Leu Lys Ser Gly Thr Ala Ser Val Val Cys Leu 
125 130 135 

Leu Asn Am Phe Tyr Pro Arq Glu Ala Lys Val Gln Trp Lys Val 
140 145 150 

Asp Asn Ala Leu Gln Ser Gly Asn Ser Gin Glu Ser Val Thr Glu 
155 160 165 

Gin Asp Ser Lys Asp Ser Thr Tyr Ser Leu SPZ Sar Thr Leu Thr 
170 175 190 

Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr Ala Cys Glu 
185 190 195 

Val Thr His Gln Gly Leu Ser Ssr Pro Val Thr Lys Ser Phe Am 
200 205 210 
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Arg Gly Glu Cys 
214 

(2) INFOPMATION FOR SEQ ID NO:25: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 233 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:25: 

Met Gly Trp Ser Cys Ile Ile Leu Phe Leu Val Ala Thr Ala Thr 
1 5 10 15 

Gly Val Hi.6 Ser Asp Ile Gin Mst Thr Gln Ser Pro Ser Set Leu 
20 25 30 

Ser Ala Ser Val Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser 
35 40 45 

Gln Asp 11-z Am ASn Tyr Leu Asn Trp Tyr Gln Gln Lys Pro Gly 
50 55 60 

Lys Ala Pro Lys Leu Leu Ile Tyr Tyr Thr Ser Thr Leu His Ser 
65 70 75 

Gly Val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Tyr 
SO es 90 

Thr Leu Thr Ile Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr 
95 100 10s 

Tyr Cys Girl Gln Gly Asn Thr Lsu Pro Pro Thr Phe Gly Gin Gly 
110 115 120 

Thr Lye Val Glu Ile Lye Arg Thr Val Ala Ala Pro Ser Val Phe 
125 130 135 

Ila Phe Pro Pro Ser Asp Glu Gln Leu Lye Ser Gly Thr Ala SPT 
140 145 150 

Val Val Cys Leu Leu Asn Asn Phe Tyr Pro kg Glu Ala Lye Val 
155 I60 165 

Gin Trp Lys Val Asp Asn Ala Leu Gin Ser Gly Asn Ser Gln Glu 
170 175 180 

Ser Val Thr Glu Gin Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser 
185 190 195 

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Vnl 
200 205 210 

Tyr Ala Cys Glu Val Thr His Gin Gly Leu Ser Ser Pro Val Thr 
215 220 225 

Lys Ser Phe Asn Arg Gly Glu Cys 
23G 233 

(2) INFORMATION FOR SEQ ID NO:26: 

(i) SEQUENCE CHAPACTERISTICS: 
(A) LENGTH: 232 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEC ID NO:26: 

Glu Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly 
1 5 10 15 

Gly Ser Leu Arg Leu Ser Cys Ala Thr Ser Gly Tyr Thr Phe Thr 
20 25 30 

Glu Tyr Thr Met His Trp Met Arg Gin Ala Pro Gly Lya Gly Leu 



f&054,297 

-continued 

35 40 45 

Glu Trp Vnl Ala Gly Ile Asn Pro Lys A6n Gly Gly Thr Ser Tyr 
50 55 60 

Ala Asp Stx Val Lys Gly &g Phe Thr Ile Ser Val Asp Lys Ser 
65 70 75 

Lys Asn Thr Leu Tyr Leu Gln Met Asn Ser Lsu Arg Ale Glu Asp 
80 85 90 

Thr Ala Val Tyr T-jr Cys Ala Arg Trp Arg Gly ku Asn Tyr Gly 
9s 100 10s 

Phe Asp Val Arg Tyr Phe Asp Val Trp Gly Gin Gly Thr Leu Val 
110 11s 120 

Thr Val Ser Ser Ale Ser Thr Lys Gly Pro Ser Val Phe Pro Leu 
125 130 135 

Ala Fro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly 
140 14s IS0 

Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp 
IS5 160 165 

Am Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val 
170 175 180 

Leu Gin Selr Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val 
185 190 195 . 

Pro Ser Ser Ser Leu Gly Thr Gin Thr Tyr ILe Cys Asn Val A6n 
200 205 210 

His Lys Pro Ser Am 'Xhr Lys Val Asp Lye Lys Val Glu Pro Lys 
21s 220 22s 

Ser Cys Asp Lys Thr His Thr 
230 232 

(2) INFORMATION FOR SEQ ID NO:27: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 232 amino acids 
(B) TYPE: Amino Acid 
(I)) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:27: 

Glu Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Gin Pro Gly 
1 S 10 1s 

Gly Ser Le" Arg Leu Ser Cys Ala Thr Ser Gly Tyr Thr Phe Thr 
20 2s 30 

Glu Tyr Thr Met His Trp Met Arq Gin Ala Pro Gly Lys Gly Leu 
35 40 45 

Glu Trp Val Ala Gly fle Asn Pm Lys Asn Gly Gly Thr Ser His 
50 55 50 

Asn Gin Arg Phe Met Asp Arq Phe Thr Ile Ser Val Asp Lys Ser 
65 70 75 

Lys Am Thr Leu Tyr Leu Gln Mst Am Ser Leu Ar9 Ala Glu Asp 
80 85 30 

The Ala Val Tyr Tyr Cye Ala Arq Trp Arg Gly Leu Am Tyr Gly 
95 100 105 

Phe Asp Vnl Arq Tyr Phe Asp Val Trp Gly Gln Gly Thr Leu Val 
110 11s 120 

Thr Vol Ser S@r Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Lax 
12s 130 135 

Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly 
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140 145 150 

Cys Len Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp 
155 160 165 

Asn Ser G1.y Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val 
170 175 18-Z 

Leu Gin SE&T Ser Gly Leu Tyr Ser Leu Ser Sar Val Val Thr Val 
185 190 195 

Pro Ser Ser Ser Leu Gly Thr Gin Thr Tyr Ile Cys Asn Val Asn 
200 205 210 

His Lys Pro Ser Am Thr Lys Val Asp Lps Lys Val Glu Pro Lys 
215 220 225 

Ser Cys Asp Lys Thr His Thr 
230 232 

(2) INFORMATION FOR SEQ ID NO:28: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 232 amino acids 
(II) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2S: 

Glu Val Gin Leu Val Glu Sex Gly Gly Gly Leu Val Gin Pro Gly 
1 5 10 15 

Gly See Leu Arq Leu Ser Cys Ala Thr Ser Gly Tyr Thr Phe Thr 
20 25 30 

Glu Tyr Thr Met His Trp net Arq Gin Ala Pro Gly Lys Gly Leu 
35 40 45 

Glu Trp Val Ala Gly Ile Am Pro Lys Am Gly Gly Thr Ser His 
50 55 60 

Asn Gin Arq Phe Wet Asp Arg Phe Thr Leu Ala Val Asp Lys Ser 
65 70 75 

Lys Asn Thr Leu Tyr Leu Gln M&c Aan Ser Leu Arg Ala Glu Asp 
80 85 90 

Thr Ala Val Tyr Tyr Cys Ala Arq Trp Arq Gly Leu Asn Tyr Gly 
95 100 105 

Phe Asp Val Arg Tyr Phe Asp Val Trp Gly Gin Gly Thr Leu Val 
110 115 120 

Thr Val Ser S&r Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu 
125 130 135 

Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly 
140 145 150 

CyS Leu Val Lys Asp l'yr Phe Prs Glu Pro Val Thr Val Sex Trp 
155 160 155 

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val 
170 175 180 

Leu Gin Ser Ser Gly Leu Tyr Sar Leu Ser Ser Val Val Thr Val 
105 190 195 

Pro Ser Ser Ser Leu Gly Thr Gin Thr Tyr Ile Cys Am, Val Asn 
200 205 210 

His Lys Pro Ser Am Thr Lys Val Asp Lye Lys Val Glu Pro Lys 
215 220 225 

Ser Cys Asp Lys Thr His Thr 
230 232 
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(2) INFORMATION FOR SEQ ID NO:29: 

(1) SEQUENCE CliARAC!TERISTICS: 
[A) LENGTH: 232 amino acids 
(B) TYPE: Amino Acid 
I(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:29: 

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly 
1 5 10 15 

Gly Ser Leu Arg Leu Ser Cys Ala Thr Ser Gly Tyr Thr Phe Thr 
20 25 30 

Glu Tyr Thr Met His Trp Met Arg Gin Ala Pro Gly Lys Gly Leu 
35 40 45 

Glu Trp Val Ala Gly Ile Am Pm Lys Am Gly Gly Thr Ser His 
50 55 60 

Asn Gin Ar'q Phe Met Asp Ary Phe Thr Ile Ser Val Asp Lys Ser 
65 70 75 

Thr Ser Thr Ala Tyr Met Gln Met Asn Ser Leu Arg Ala Glu Asp 
80 85 90 

Thr Ala Va:L Tyr Tyr Cys Ala Arg Trp Arg Gly Leu Asn Tyr Gly 
95 100 105 

Phe Asp Val Arq Tyr Phe Asp Val Trp Gly Gin Gly Thr Leu Val 
110 115 120 

Thr Val Sex Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu 
125 130 135 

Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly 
140 145 150 

Cys Leu Val Lys Asp l'yr Phe Pro Glu Pro Val Thr Val Ser Trp 
155 160 165 

Am Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val 
no 175 180 

Leu Gin Ser Ser Gly Leu Tyr Sar Leu Ser Ser Val Val Thr Val 
185 190 195 

Pro Ser Ser Ser Leu Gly Thr Gin Thr Tyr Ile Cye Asn Val Asn 
200 205 210 

His Lys Pro Ser Am Thr Lys Val Asp Lys Lys Val Glu Pro Lys 
215 220 225 

Se- Cys Asp Lys Thr His Thr 
230 232 

(2) INFORMATION FOR SEQ ID NO:30: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 235 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:30: 

Glu Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly 
1 5 10 15 

Gly Ser Leu Ax-9 Leu Ser Cys Ah. Thr Ser Gly Tyr Thr Phe Thr 
20 25 30 

Glu Tyr Thr Met His Trp Met Ary Gln Ala Pro Gly Lys sly ~eu 
35 40 45 

Glu Trp Val Ala Gly Ile Asn Pro Lys Am Gly Gly Thr Ser His 
50 55 60 
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Asn Gin Ary Phe Met Asp Ary Phe Thr Xle Ser Val Asp Lys Ser 
65 70 75 

Thr Ser Thr Ala Tyr Met Gln Met Am Ser Leu Arg Ala Glu Asp 
80 85 90 

Thr Ala Val Tyr Tyr Cys Ala Ary Trp Arg Gly Len Asn Tyr Gly 
95 100 105 

Phs Asp V:l Arg Tyr Phe Asp Val Trp Gly Gin Gly Thr Leu Val 
110 115 120 

Thr Val Ser Ser Xla Ser Thr Lys Gly Pro Ser Val Phe Pro Leu 
125 130 135 

Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly 
140 145 150 

Cys Leu V&l Lye Asp Tyr Phe Pra Glu Pro Val Thr Val Ser Trp 
155 160 165 

Asn Ser Gly Ala Lsu Thr Ser Gly Val His Thr Phe Pro Ala Val 
170 175 la0 

Leu Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val 
185 190 195 

Pro Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asr, Val As" 
200 205 210 

His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lye 
215 220 225 

Ser Cys Asp Lys Thr His Thr Cys Pro Pro 
230 235 

(2) INFORMATION FOR SEQ ID NO:31: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 232 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:31: 

Glu Val Gin Leu Val Glu S.er Gly Gly Gly Leu Val Gin Pro Gly 
1 5 10 15 

Gly Ser Leu Ary Leu Ser Cys Ala Thr Ser Gly Tyr Thr Phe Thr 
20 25 30 

Glu Tyr Thr Met His Trp Net Arg Gin Ala Pro Gly Lys Gly Leu 
35 0 40 45 

Glu Trp Val Ala Gly Ile Am Pro Lys Am Gly Gly Thr Ser His 
50 55 60 

Asn Gln Arg Phe Met Asp Arg Pha Thr Ile Ser Val Asp LYS ser 
65 70 75 

tys Asn Thr Leu Tyr Met Glu Leu Ary Ser Leu Arg Ala Glu Asp 
a0 P5 90 

Thr Ala Val 'Tyr Tyr Cys Ala Arg Trp Arg Gly Len Asn Tyr Gly 
95 100 105 

Phe Asp Val Ary Tye Phe Asp Val Trp Gly Gln Gly Thr Leu Val 
110 115 120 

Thr Val Ser Ser Ala Sar Thr Lys Gly Pro Sex Val Phe Pm Leu 
125 130 135 

Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly 
140 145 150 

Cys Leu Val Lys Asp Tyr Phe Pr? Glu Pro Val Thr Val Ser Trp 
155 160 165 
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Am Set- Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val 
170 175 180 

Leu Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val 
185 190 195 

Pro Ser Ser Ser Leu Gly Thr Gin Thr Tyr Ile Cy6 A6" Val Asn 
20@ 205 210 

His Lys Pro Ser Am Thr Lys Val Asp Lye Lys Val Glu Pro Lys 
215 220 225 

Ser Cys Asp Lya Thr His Thr 
230 232 

(2) INFORMATION FOR SEQ ID NO:32: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 232 amins acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:32: 

Glu Val Gln Leu Vsl Glu Ser Gly Gly Gly Leu Val Gin Pro Gly 
1 5 10 15 

Gly Ser Leu Arq Leu Ser Cys Ala Thr Ser Gly Tyr Thr Phe Thr 
20 25 30 

Glu Tyr Thr Met His Trp Met Arg Gin Ala Pro Gly Lys Gly Leu 
35 40 45 

Glu Trp Val Ala Gly Ile Asn Pro Lys Asn Gly Gly Thr Set His 
50 55 60 

Asn Gin At-q Phe Met Asp Arq Phe Thr Ile Ser Val Asp Lys Ser 
6.5 7@ 15 

Lys Asn Thr Leu Tyr Leu Gln Met Asn Ser Lau Thr Ser Glu Asp 
80 85 90 

Ser Gly Ile Tyr Tyr Cys Ala Arg Trp Arq Gly Leu Asn Tyr Gly 
95 100 10s 

Phe Asp Val Arg Tyr Phe Asp Val Trp Gly Gin Gly Thr Leu Val 
110 115 120 

Thr Val Ser Ser Ala Sar Thr Lys Gly Pro Ser Val Phe Pro Leu 
125 130 135 

Ala Pro Ser Ser Lye Ser Thr Ser Gly Gly The Ala Ala Leu Gly 
140 145 150 0 

Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp 
155 160 165 

Asn Ser sly ala Leu Thr Ser GLy Val His Thr Phe Pro Ala Val 
170 175 180 

Len Gln Ser .Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val 
185 190 195 

Pro Ser Ser Ser LWJ Gly Thr Gin Thr Tyr Ile Cys Asn Val Asn 
200 205 210 

His Lys Pro Ser Am Thr Lys Val Asp Lys Lys Val Glu Pro Lys 
215 220 225 

Ser Cys Asp Lys Thr Hie Thr 
230 232 

(2) INFORMATION FOR SEQ ID N0:33: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 232 amin? acids 
(B) TYPE: Amino Acid 
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(D) l!OPOLoGP: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:33: 

Glu Vnl Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gin Pro Gly 
1 5 10 15 

Gly Ssr Leu Arq Leu Ser Cy6 Ala Thr Ser Gly Tyr Thr Phe Thr 
2@ 25 30 

Glu Tyr Thr Met His Trp Met Arg Gln Ala Pro Gly Lys Gly Leu 
35 40 45 

Glu Trp Val Ala Gly Ile Asn Pro Lys Asn Gly Gly Thr Ser His 
50 55 60 

Asn Gln Ar9 Phe Nst Asp Ar9 Phe Thr Ile Ser Vail Asp Lye Ser 
65 70 75 

LyS Asn Thr LeU Tyr Leu Gln Met Asn Ser Leu kg Ala Glu Asp 
80 85 90 

ThC Ala Val Tyr T-f,? Cys Ala Arq Trp Arg Gly Leu Asn Tyr Gly 
95 100 105 

Phe Asp Val Arg Tyr Phe Asp Val Trp Gly Ala Gly Thr Thr Val 
110 115 120 

Thr Val Set Sex- Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu 
125 13G 135 

Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thf Ala Ala Leu Gly 
140 145 150 

Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Vs.1 Thr Val Ser Trp 
155 160 165 

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val 
170 175 180 

Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser SOL Vel Val Thr Val 
185 190 195 

Pro Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Vnl Asn 
200 205 210 

His Lys Pro Ser Am Thr Lys Val Asp Lys Lys Val Glu Pro Lys 
215 220 225 

Ser Cys Asp Lys Thr His Thr 
230 232 

(2) INFORMATION FOR SEQ ID NO:34: 

(i) SEQUENCE CHARACTERISTICS: 
(A] LENGTH: 232 mine acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:34: 

Glu Val Gin Leu Gln Gin Ser Gly Pro Glu Leu Val Gin Pro Gly 
1 5 10 15 

Gly See Leu Arg Leu Ser Cys Ala Thr Ser Gly Tyr Thr Phe Thr 
20 25 30 

Glu Tyr Thr Met His Trp Met Arg Gln Ala Pro Gly Lys Gly Leu 
35 40 45 

Glu Trp Val Ala Gly Ile A.en Pro Lys Asn Gly Gly Thr Ser His 
50 55 60 

Aen Gln Arq Phe Met Asp Ary Phs Thr Ile Ser Val Asp Lys Ser 
65 70 75 

Lys Asn Thr Leu Tyr Leu Gln Met Asn Ser Leu Ary Ala Glu Asp 
80 85 90 
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Thr Ala V.al Tyr Tyr Cys Ala Arg Trp AI-T Gly Leu Am Tyr Gly 
95 100 105 

Phe Asp Val Arg Tyr Phe Asp Val Trp Gly Gln Gly Thr Leu Val 
110 115 120 

Thr Val Ss:r Ser Ala Ser Thr Lys Gly Pro Ser Val Fhe Pro Len 
125 130 135 

Ala Pro Se,r Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly 
140 145 150 

Cys Leu Val Lye Asp Tyr Ph P- Pro Glu Pro Val Thr Val Ser Trp 
155 160 165 

Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val 
170 175 180 

Leu Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val 
185 190 194 

Pro Ser Ser Ser Leu Cl,' Thr Gin Thr Tyr Ile Cys Asn Val Asn 
200 205 210 

His Lys Pm Ser Am Thr Lys Val Asp Lys Lys Val Glu Pro Lys 
215 220 225 

Ser Cys Asp Lys Thr His Thr 
230 232 

(2) INFORMATION POR SEQ ID NO:35: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 232 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:35: 

Glu Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Lys Pro Gly 
1 5 10 15 

Ala Ser Leu Arq Leu Ser Cys Ala Thr Ser Gly Tyr Thr Phe Thr 
20 25 30 

Glu Tyr Thr Met His Trp Met Arq Gln Ala Pro Gly Lys Gly Leu 
35 40 45 

Glu Trp Val Ala Gly Ile Am Pro Lys Am Gly Gly Thr Ser His 
50 55 60 

Asn Gin Arq I?he Met Asp Arg Phe Thr Ile Ser Val Asp Lys Ser 
65 70 75 

Lys Asn Thr Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp 
80 85 90 

Thr Ala Val Tyr Tyr Cys Ala Arg Trp Arg Gly Leu Asn Tyr Gly 
95 100 105 

Phe Asp Val Arg Tyr Phe Asp Val Trp Gly Gln Gly Thr Leu Val 
110 115 120 

Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu 
125 1.30 135 

Ah Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Aln Leu Gly 
140 145 150 

Cya Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp 
155 160 165 

Am Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val 
170 17s 180 

Leu Gin Ser Ser Gly Leu Tyr S*r Leu Ser Ser ‘Jr.1 Val Thr Val 
185 190 195 
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Pro Set- Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn 
200 205 210 

His Lye Pm Sef Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys 
215 220 225 

Ser Cys Asp Lys Thr His Thr 
230 232 

(2) INPORNATION FOR SEQ ID NO:36: 

(i) SBQUENCE CHARACTERISTICS: 
(A) LENGTH: 232 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:36: 

Glu Val Glo Leu Val Glu Ser Gly Gly Gly Leu Val Gin Pro Gly 
1 5 10 15 

Gly Ser Leu Lys Ile Ser Cys Lys Thr Ser Gly Tyr Thr Phe Thr 
20 25 30 

Glu Tyr Thr Met His Trp Met Arg Gin Ala Pm Gly Lys Gly Leu 
35 40 45 

Glu Trp Val Ala Gly Ile Asn Pro Lys Asn Gly Gly Thr Ser His 
50 55 50 

Asn Gin Arg Phe Met Asp Arg Phe Thr ILe Ser Val Asp Lys Ser 
65 70 15 

Lys Am Thr Leu Tyr Leu Gin Met Asn Ser Leu Arq Ala Glu Asp 
80 85 90 

Thr Ala Val Tyr Tyr Cys Ala Arg Trp Arg Gly Leu Asn Tyr Gly 
95 100 105 

Phs Asp Val Arq Tyr Phe Asp Val Trp Gly Gin Gly Thr Leu Val 
110 115 120 

Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu 
125 130 13s 

Ala Pro Set Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly 
14e 145 150 

Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp 
155 160 165 

Asn Ser Gly Rln Leu Thr Ser Gly Val His The We Pro Ala Val 
170 175 iao 

Leu Gln Ser ,5er Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val 
185 190 195 

Pro Ser Ser Ser Leu Gly Thr Gin Thr Tyr Ile Cys Asn Val Asn 
200 205 210 

His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys 
215 220 22s 

Ser Cys Asp L,ys Thr His Thr 
230 232 

(2) INFORMATION FOR SEQ ID NO:37: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 232 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:37: 

Glu Val Gin Le" Val Clu Ser Gly Gly Gly Leu Val Gin Pro Gly 
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1 5 10 15 

Gly Ser Leu Ary Leu Ser Cys Ala Thr Ser Gly Tyr Thr Phe Thr 
20 25 30 

Glu Tyr Thr Met. His Trp Met Lya Gln Ser His Gly Lys Ser Leu 
35 40 45 

Glu Trp Val Ala Gly Ile Am Pro Lye Asn Gly Gly Thr Ser His 
50 55 50 

Asn Gin Arg Phe Met Asp Arg Phe Thr 118 Ser Val Asp Lys Ser 
65 70 75 

Lye Asn Thr Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Aep 
80 85 90 

Thr Ala Val Tyr Tyr Cys Ala Arq Trp Arq Gly Lau Asn Tyr Gly 
95 100 105 

Phe Asp Val Arg Tyr Phe Asp Val Trp Gly Gin Gly Thr Leu Val 
110 115 120 

Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu 
125 130 135 

Ala Pro Set Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly 
140 145 150 

Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp 
155 160 165 

Asn Ser Gly Ala Leu Thr Ser Gly Val Hi.6 Thr Phe Pro Ala Val 
170 17s 180 

Leu Gin Ser Ser Gly Leu Tyr Ssr Leu Ser Ser Val Vnl Thr Val 
185 190 195 

Pro Ser Ser Ser Leu Gly Thr Gin Thr Tyr Ile Cys Asn Val Asn 
200 205 210 

His Lys Pro Ser Am Thr Lys Val Asp Lys Lys Val Glu Pro Lys 
215 220 225 

Ser Cys Asp Lye Thr His Thr 
230 232 

(2) INFORNATION FOR SEQ ID NO:38: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 232 amino acids 
(11) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:38: 

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gin Pro Gly 
1 5 10 15 

Gly Ser Leu Arq Leu Ser Cys Ala Thr Ser Gly Tyr Thr Phe Thr 
20 25 30 

Glu Tyr Thr Met His Trp Met Arg Gin Ala Pro Gly Lys Gly Leu 
35 40 45 

Glu Trp Ile Gly Gly Phe Am Pro Lys Am Gly Gly Thr Ser His 
50 55 60 

Asn Gin Ary Phe Met Asp Ary Phe Thr Ile Ser Val Asp Lys Ser 
65 70 75 

Lys Am Thr Leu Tyr Leu Gln Met Am Ser Leu Arq Ala Glu Asp 
80 85 90 

Thr Ala Val Tyr Tyr Cys Ala Ary Trp Arq Gly Leu Asn Tyr Gly 
95 100 105 

Phe Asp Val Ary Tyr Phe Asp Val Trp Gly Gln Gly Thr Leu Val 
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Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu 
125 130 135 

Ala Pro Ser Set Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly 
140 145 150 

Cys Leu Val Lys Asp Tyr Phs Pro Glu Pro Val Thr Val Ser Trp 
155 160 155 

Am Ser Gly Ala Lau Thr Ser Gly Val Hi6 The Phe Pro Ala Val 
170 175 180 

Leu Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val 
185 190 195 

Pro Ser Ser Ser Leu Gly Thr Gin Thr Tyr Ile Cya Am Val Asn 
200 205 210 

His Lys Pro Ser Am Thr Lys Val Asp Lys Lys Val Glu Pro Lys 
215 220 225 

Ser Cys Asp Lys Thr His Thr 
230 232 

(2) INFORMATION FOR SEQ ID NO:39: 

(i) SE3UENCE CHARACTERISTICS: 
(A) LENGTH: 214 amino acids 
(8) TYPE: Amino Acid 
(D) T9POLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:39: 

Asp Ile Glu Met Thr Gln Ser Pro Ser Ser Leu Sex Ala Ser Val 
1 5 10 15 

Gly Asp Arq Val Thr Ile Thr Cys Arg Ala Ser Gin Asp Ile Aen 
20 25 30 

Asn Tyr Leu Aen Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lye 
35 40 45 

Leu Leu Ile Tyr Tye Thr Ser Thr Leu Glu Ser Gly Val Pro Ser 
50 55 60 

Arq Phe Ser Gly Ser Gly Ser Gly Thr Asp Tyr Thr Leu Thr Ile 
65 7G 75 

Ser Ser Leu Gin Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gin Gin 
80 85 90 

Gly Asn Thr Leu Pro Pro Thr Phe Gly Gin Gly Thr Lys Val Glu 
95 100 105 

Ile Lys Arq Thr Val Ala Ala Pro Ser Val Phe Ile Phe Pro Pro 
110 115 120 

Ser Asp Glu Gin Leu Lys Ser Gly Thr Ala Ser Val Val Cys Leu 
125 130 135 

Leu Asn Asn Phe l'yr Pro Arq Glu Ala Lys ‘le.1 Gk, Trp Lys Val 
140 145 150 

Asp Am Ala Leu Gln Ser Gly Asn Ser Gin Glu Ser Val Thr Glu 
155 160 165 

Gin Asp Ser Lys Asp Ser Thr Tyr Ser Leu Set Ser Thr Leu Thr 
170 175 180 

Lsu Ser Lys Ala Asp Tyr Glu Lys His Lya Val Tyr Ala Cye Glu 
185 190 195 

Val Thr His Gin Gly Leu Ser SEC Pro Val Thr Lys Ser Phe Aan 
200 205 210 

Ary Gly Glu Cys 
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214 

(2) INFORMATION FOR SEQ ID NO:40: 

(i) SEQUENCE CHARACTERISTICS: 
IA) LENGTH: 214 amino acids 
iBj TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:dO: 

Asp Ile Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Vu1 
1 5 10 15 

Gly Asp Ary Val Thr Ile Thr Cys Arq Ala Ser Gin Asp Ile Asn 
20 25 30 

ABn Tyr Lcu Am, Tcp Tyr Gin GLn Lys Pro Gly Lys Ala Pro Lys 
35 40 45 

Leu Leu Ile Tyr Tyr Thr Ser Thr Leu His Ser Gly Val Pm Ser 
50 55 60 

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Tyr Thr Leu Thr Ile 
65 70 75 

Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gin Gin 
60 85 90 

Gly Asn Thr Leu Pro Pro Thr Phe Gly Gin Gly Thr Lys Val Glu 
35 100 105 

Ile Lys Arq Thr Val Ala Ala Pro Ser Val Phe Ile Phe Pro Pro 
110 115 120 

Ser Asp Glu Gin Leu Lys Ser Gly Thx Ala Ser Vnl Val Cys Leu 
125 130 135 

Lsu Abn Asn Phe Tyr Pro Arg Clu Ala Lys Val Gin Trp Lys Val 
140 145 150 

Asp Asn A121 Leu Gln Ser Gly Asn Ser Gln Glu Ser Val Thr Glu 
1.55 160 165 

Gin A?+ Sex Lys Asp Ser Thr Tyr Ser Leu Ssr Ser Thr Leu Thr 
170 175 190 

Leu Ser Ly6 Ala Asp Tyr Glu Lys His Lys Val Tyr Ala Cys Glu 
185 190 195 

Vsl Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser Phe Am 
200 205 210 

8 
Arq Gly Glu Cys 

214 

(2) INFORMATION FOR SEQ ID NO:41: 

(i) SEQUENCE CHARACTERISTICS: 
(A‘) LENGTH: 107 amino acids 
(B) TYPE: Amino Acid 
iD, TOPOLCGP: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:41: 

Asp Ile Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val 
1 5 10 15 

Gly Asp Arg Val Thr Ile Thr Cys Arq Ala Set Gin Asp Val Asn 
20 25 30 

Thr Ala Val Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys 
35 40 45 

Leu Leu Ile Tyr Ser Ala Ser Phe Leu Tyr Ser Gly Val Pro Ser 
50 55 60 



6,054,297 
109 110 

-continued 

Arg Phe Ser Gly Ser Ary Ser Gly Thr Asp Phe Thr Leu Thr Ile 
65 70 75 

Ser Ser Leu Gin Pro Glu Asp Phs Ala Thr Tyr Tyr Cys Gin Gin 
80 85 90 

His Tyr Thr Thr Pro Pro Thr Phe Gly Gln Gly Thr Lys Val Glu 
95 100 105 

11s Lys 
107 

(2) INFORMATION FOR SEQ ID NO:42: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 120 amino acids 
(13) TYPE: Amino Acid 
(11) MPOLcGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:42: 

Glu Val Girl Leu Val Glu Ser Gly Gly Gly Leu VA1 Gln Pro Gly 
1 5 10 15 

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Asn Ile Lys 
20 25 30 

Asp Thr Tyr Ile His Trp Val Arg Gin Ala Pro Gly Lys Gly Leu 
35 40 45 

Glu Trp Val Ala Arg Ile Tyr Pro Thr Asn Gly Tyr Thr Arg Tyr 
50 55 60 

Ala Asp Se+ Val Lys Gly Arg phs Thr Ile Ser Ala Asp Thr Ser 
65 70 75 

Lys Asn Thr Ala Tyr Leu Gin Met Asn Ser Leu Arg Ala Glu Asp 
80 85 90 

Thr Ala Val Tyr Tyr Cys Ser Arg TKF Gly Gly Asp Gly Phe Tyr 
95 100 105 

Ala Met Asp Tyr Trp Cl,' Gln Gly Thr Leu Val Thr Val Ser Ser 
110 11s 120 

(2) INFORMATION FOR S!SQ ID NO:43: 

(i) SEQUENCE CBARACTERISTICS: 
(A, LENGTH: 107 amins acids 
(B) TYPE: Amino Acid 
(D) MPOLOGT: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:43:' 

Asp Ile Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val 
1 5 10 15 

Gly Asp Arg Vu1 Thr Ile Thr Cys Arg Ala Ser Gin Asp Vel Asn 
2G 25 30 

Thr Ala Val Ala Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys 
35 40 45 

Leu Leu 1le Tyr Set- Ala Ser Phe Leu Xaa Ser Gly Val Pro Ser 
50 55 60 

Arg Phe Ser Gly Ser Xaa Ser Gly Thr Asp Phe Thr Leu Thr Ile 
65 70 75 

Ssr Ser Leu Gln Pro Glu Asp phe Ala Thr Tyr Tyr Cys Gln Gin 
80 85 90 

His Tyr Thr Thr Pro Pro Thr Phe Gly Gin Gly Thr Lys Val Glu 
95 100 10s 

Ile Lye 
107 



6,054,297 
111 112 

-continued 

(2) INF-OPMATION FOR SEQ ID NO:44: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 120 amino acids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:44: 

Glu Val Gin Leu Val Glu Ser Gly Gly Gly Len Val Gin Pro Gly 
1 5 10 15 

Gly Ser Leu Arq Le" Ser Cys Ala Ala Ser Gly Phe Asn Ile Lys 
20 25 30 

Asp Thr Tyc Ile His Trp Vnl Arq Gin Ala Pro Gly Lys Gly Leu 
35 40 45 

Glu Trp VaL Ala Arq Ile Tyr Pro Thr Am Gly Tyr Thr Arq Tyr 
50 55 60 

Ala Asp Set Val Lys Gly Arg Phe Thr Ile Ser Xaa Asp Xaa Ser 
65 70 75 

Lys Am Thr Xaa Tyr Leu Gin Met Asn Ser Leu Arq Ala Glu Asp 
60 85 90 

Thr Ala VaL Tyr Tyr Cys Xaa Arq Trp Gly Gly Asp Gly Phe Tyr 
95 1GO 105 

Ala Met Asp Xaa Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser 
110 115 120 

(2) INFURPlATION FOR SEQ ID NO:45: 

(i) SEQUENCE CRAP.ACTERISTICS: 
(A) LENGTH: 122 amino acids 
(B) TYPE: Amino Acid 
(13) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:45: 

Glu Val Gln Le" Vnl Glu Ser Gly Gly Gly Leu Val Gin Pro Gly 
1 5 10 15 

Gly Ser Leu Arq Leu Ser Cys Ala Ala Ser Gly Tyr Ser Phe Thr 
20 25 30 

Gly Tyr The Met Asn Trp Val Arq Gin Ala Pro Gly Lys Gly Leu 
35 40 4s 

Glu Trp Val Ala Leu Ile Asn Pro Tyr Lys Gly Val Thr Thr Tyr 
50 55 60 

Ala Asp Set Val Lys Gly Arg Phe Thr Ile Ser Val Asp Lys Ser 
65 70 75 

Lys Asn The Ala Tyr Leu Gin Met Asn Ser Leu Arq Ala Glu Asp 
60 65 90 

Thr Ala VaL Tyr Tyr Cys Ala Arg Se+ Gly Tyr Tyr Gly Asp Ser 
95 100 105 

Asp Trp Tyr Phe Asp Val Trp Gly Gin Gly Thr Leu Val Thr Val 
110 115 120 

ser Ser 
122 

(2) INPOP.MATION FOR SEQ ID N0:46: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 124 amino asids 
(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:46: 

Glu Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Gin Pro Gly 
1 5 10 15 

Gly Ser Leu Arg Leu Ser Cys Ala Thr Ser Gly Tyr Thr Phe Thr 
20 25 30 

Glu Tyr Thr Met His Trp Met Arg Gln Ala Pro Gly Lys Gly Lsu 
35 40 45 

Glu Trp VaL Ala Gly Ile Am Pro Lys Am Gly Gly Thr Ser His 
50 55 60 

Asn Gin Arg Phe Met Asp Arg Phe Thr Ile Ser Val Asp Lys Ser 
65 70 75 

Thr Ser The Ala Tyr Net Gln Met Asn Ser Leu Arg Ale Glu Asp 
80 85 TO 

Thr Ala Val Tyr Tyr Cys Ala Arg Trp Arg Gly Leu Asn Tyr Gly 
95 100 105 

Phe Asp Val Arg Tyr Phe Asp Val Trp Gly Gln Gly Thr Leu Val 
110 115 120 

Thr Val Ser Ser 
124 

(2) INNFOP.MATION FOR SEQ ID NO:47: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 109 amino asids 
(BI TYPE: Amino Acid 
iDj TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:47: 

Asp Ile Gin Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val 
1 5 10 15 

Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Asp Ile Asn 
20 25 30 

Asn Tyr Le" Asn Trp Tyr Gin Gln Lym Pro Gly Lys Ala Pro Lys 
35 40 45 

Leu Leu Ile Tyr Tyr Thr Ser Thr Leu His Ser Gly Vnl Pro Ser 
50 55 60 

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Tyr Thr Leu Thr Ile 
65 70 75 

.Ser Ser Leu Gin Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gin Gin 
a0 85 TO 

Gly Asn Thr Leu Pro Pro Thr Phe Gly Gln Gly Thr Lys Val Glu 
95 100 105 

Ile Lys Arg Thr 
109 

5s 

We claim: 
1. Amethod for making a humanized antibody comprising 

non-human, import Complementarity Determining Region 
(CDR) ammo acid residues and human Framework Region 
(RR) amino acid residues, comprising the steps of: 60 

(a) obtaining the amino acid sequences of an import 
variable domain and of a V, subgroup III consensus 
human variable domaim 

(b) identifying CDR amino acid sequences in the import 
and the human variable domain sequences; 65 

(c) substituting import CDRs for the corresponding 
human CDRs; 

(d) aligning the amino acid sequences of a FR of the 
import antibody and the corresponding I;R of the 
consensus variable domain; 

(e) identifying import antibody FR residues in the aligned 
FR sequences that are non-homologous to the corre- 
sponding consensus variable domain residues; 

(f,) determining if lhe non-homologous import amino acid 
residue is expected to have at least one of the following 
effecls: 
(1) non-covalently binds antigen directly; 
(2) interacts with a CDR; or 
(3) participates in the V,-V, interface; 
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(g) for any non-homologous import antibody ‘amino acid 
residue which is expected to have at least one of these 
effects, substituring that residue for the corresponding 
amino acid residue in the consensus variable domain 
FR sequence; and 

(h) preparing a humanized antibody which binds antigen, 
wherein the humanized antibody comprises an amino 
acid .seyucnce determined according to the above steps. 

2. The method of claim 1, having an additional step of 
determining if any such non-homologous residues are 
exposed on the surface of the domain or buried within it, and 
if the residue is exposed, retaining the consensus reside. 

3. The method of claim 1, having the additional steps of 
searching the import variable domain sequence for glyco- 
sylation sites, determining if any such glycosylation site is 
e,xpected to affect the antigen binding or affinity of the 
antibody, and if so, substituting the glycosylation site into 
the consensus sequence. 

4. The method of claim 1, having the additional steps of 
searching the consens= variable domain sequence for gly- 
cosylation sites which are not present at the corresponding 
amino acid in the import sequence, and if the glycosylation 
site is not present in the import sequence, substituting the 
import amino acid residues for the amino acid residues 
comprising the consensus glycosylation site. 

5. The method of claim 1, having an additionalstep which 
comprises aligning import antibody and consensus variable 
domain FR sequences, identifying import antibody FR rcsi- 
dues which are non-homologous with the aligned consensus 
FR ,sequence, and for each such non-homologous import 
antibody FR residue, determining if the corresponding con- 
sensus variable domain residue represents a residue which is 
highly conserved across all species at that site, and if it is so 
conserved, preparing a humanized antibody which com- 
prises the consensus amino acid residue at that site. 

6. The method of claim 1, wherein the corresponding 
consensus residues are selected from the group consisting of 
4L, 35L, 36L, 38L, 43L, 44L, 46L, 58L, 62L, 63L, 64L, 
65L, 66L, 67L, 68L, 69L, 7OL, 71L, 73L. 85L87L, 98L, 211, 
4H, 24H, 36H, 37H, 39H, 43H, 45H, 49H, %H, 6OH, 67H, 
681.1,69II, 7OH, 73H,7411,75H, 761.1,78H, 91I1, 921-1, 9313, 
and 103H. 

7. Amethod for making a humanized antibody comprising 
non-human Complementarity Determining Region (CDR) 
amino acid residues and human Framework Region (FR) 
amino acid residues, comprising providing an import, non- 
human antibody variable domain amino acid sequence hav- 
ing CDR amino acid residues and FR amino acid residues; 
obtaining the amino acid sequence of a V,, subgroup III 
consensus human antibody variable domain having CDR 
amino acid residues and FR amino acid residues; substitut- 
ing non-human CDR amino acid residues for human CDR 
amino acid residues in the consensus human antibody vari- 
able domaiu; substituting an amino acid residue for the 
consensus amino acid residue at at least one of the following 
sites: 

4L, 35L, 36L. 38L, 43L, 44L, 46L, 58L, 62L, 63L, 64L, 
65L, 66L, 67L, 68L, 69L, 7OL, 71L, 73L, 85L, 87L, 
9SL, 2H, 4H, 24H, 36H, 37H, 39H, 43H, 45H, 49H, 
58H, 60H, 67H, 68H, 69H, 70H, 73H, 74H, 75H, 76H, 
781-I, 9111, 92%I, 931-I. and 103II; and preparing a 
humanized antibody which binds an antigen, wherein 
the humanized antibody comprises an amino acid 
sequence determined according to the above steps. 

8. The method of claim 7, wherein the substituted residue 
is the. residue found at the corresponding location of the 
non-human antibody. 
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9. A humanized antibody variable domain having a func- 

tional antigen binding region, said humanized antibody 
variable domain comprising non-human Complementarity 
Determining Region (CDR) amino acid residues incorpo- 
rated info a V, subgroup III consensus human antibody 
variable domain, and further comprising an amino acid 
substitution at a site selected from the group consisting oP: 

4L., 3X, 36L, 3SL, 43L, 44L, 46L, 58L, 62L, 64L, 65L, 
66L, 67L, 68L, 69L, 7OL, 71L, 73L, 85L, 87L, 98L, 
2H, 4H, 24H, 36H, 37H. 39H, 43H, 45H, 49H, 58H, 
6OH, 68H, 69H, 70H, 73H, 74H, 75H, 76H, 78H, 92H, 
and 93H. 

10. The humanized antibody variable domain of claim 9, 
wherein the substituted residue is the residue found at the 
corresponding location of the non-human antibody from 
which the non-human CDR amino acid residues arc 
obtained. 

11. The humanized antibody variable domain of claim 9, 
wherein no human (FR) Framework Region (FR) residue 
other than those set forth in the group has been substituted. 

12. Amethod for making a humanized antibody compris- 
ing introducing Complementarity Determining Region 
(CDR) amino acid residues from an import antibody vari- 
able domain into a V,, subgroup III consensus human 
antibody variable domain. 

13. A humanized antibody variable domain having a 
functional antigen binding region, said humanized antibody 
variable domain comprising non-human Complementarity 
Determining Region (CDR) amino acid residues incorpo- 
rated into a V, subgroup IlI consensns human antibody 
va.riable domain and further comprising a non-human import 
Framework Region (FR) residue, wherein the non-human 
import FR residue introduces a glycosylation site which 
affects rhe antigen binding or affinity of the humanized 
antibody variable domain. 

14.Ahumanized antibody which binds the HEK2 receptor 
with an affinity of about 4.7 nM Kd or better afinity and 
comprises a heavy chain variable domain which comprises 
non-human import antibody Complementarity Determining 
Region (CDR) amino acid residues incorporated into a V, 
subgroup III consensus human variable domain. 

15. A humanized variant of a non-human parent antibody, 
wherein the humanized variant comprises non-human 
Complemeatarity Determining Region (CDR) amino acid 
residues and human Framework Region (FR) amino acid 
residues, and: 

(a) binds the HER2 receptor with an affinity of about 4.7 
nM Kd or better affinity: 

(b) mediates specific cell lysis of SK-RR-3 calls in the 
presence of IL-2 activated human peripheral blood 
lymphocytes at le& about fonr fold more effectively 
than the non-human parent antibody; and 

(c) mediates Antibody Dependent Cellular Cytotoxicity 
(ADCC) selective for cell types which overexpress 
pXWm2 at least about two fold more effectively than 
for cell types which express low levels of pl 8SER2. 

16. ‘lhe humanized variant of claim 15 which binds the 
HER2 receptor with an afEnity of about 0.82 nM Kd or better 
affinity. 

17. The humanized variant of claim 16 which binds the 
HER2 receptor with an tinity of about 0.10 nM K& 

18. The humanized variant of claim 15 which inhibits 
proliferation of SK-BR3 cells incubated for 96 hr with the 
antibody. 

19. The humanized variant of claim 18 wherein the 
antibody inhibits proliferation of SK-BR-3 cells to about 
66% of untreated control or greater inhibition. 
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20. A humanized variant of a non-human parent antiiody, 27. The humanized variant of claim 26 which comprises 
wherein the humanized variant comprises non-human FR substitutions at sites 71H, 73H, 78H, 93H and 66L. 
Complementarity Determining Region (CDR) amino acid 28. Ahumanizcd variant of a non-human parent antibody, 
residues and human Framework Region (FR) ammo acid wherein the humanized variant comprises non-human 
residues, and; s Complementarity Determining Region (CDR) amino acid 

(a) binds the HEX2 receptor with an affinity of about 4.7 residues and human Framework Region (FR) ammo acid 
nM Kd or better attinity; and residues; binds the HER2 receptor with better affinity than 

(b) comprises a Framework Region (FR) ammo acid the non-human parent antibody; and comprises Framework 
substitution at a site selected from the group consisting Region (RR) ammo acid substitutions at sites 71H, 73H, 
of 73H, 78H, 93H and 66L, utilizing the numbering lo 78H, 93H and 66L, utilizing the numbering system set forth 
system set forth in Kabat. in Kabat. 

21. The humanized variant of claim 20 which consists of 29. An antibody which binds an antigen and comprises 
about 1 to about 5 FR substitutions. non-human heavy chain variable domain Complementarity 

22. The humanized variant of claim 20 which comprises Determining Region (CDR) ammo acid residues which bind 
a FR substitution at site 73H. Is said antigen and V,,subgroup III consensus human variable 

23. The humanized vanant of claim 20 which comprises domain P?amework Region (RR) amino acid residues; and 
a FR substitution at site 78H. further comprises non-human light chain variable domain 

24. The humanized variant of claim 20 which comprises CDR amino acid residues which bind said antigen. 
a FR substitution at site 93H. 30. The antibody of claim 29, further comprising V=K 

25. The humanized variant of claim 20 which comprises ” subgroup 1 consensus human variable domain FR amino 
a FR substitution at site 66L. acid residues. 

26. The humanized variant of claim 20 which further 
comprises a FR substitution at site 71H. * * * * * 


